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ABBIIEVIATLJNS 

Hertz, a uni t  of frequency i n  cycles per second 

Acceleration i n  gmvltationaJ. units 

Root me- squared acceleration 

Power spectral  density 

Maximum dynamic pressure 

ACCXETANa %!EST - A t e s t  t o  detect workmanship deficiencies i n  a 
colpgohent, subsystem o r  system which is destixd for use i n  service. 
The test envimnmentmay or may not simulate the expected service 
environment, but the test level is generally less than the qualification 
test lersl. 

cc)blpoNEIQT - An in tegra l  package such as a camera, a -ralve, a battery 
o r  a transmitter. 

IEVEIOR4ERI TEST - A test t o  evaluate'the perfornrance of a component, 
subsystem or system under environmRntal conditZons and t o  determine its 
ability t o  withstand such conditions. 
not simulate the q e c t e d  service environment, but the test level is 
gene- equal t o  o r  greater than the qualification level. !be test is 
usually nan early in a pmgram t0 seek out design weaknesses and correct 
or improve them pr ior  t o  qualification testing. 

The test environment may o r  may 

WALIFiCATION TESC - A test on a component, subsystem o r  system to 
demonstrste d-esign capribility t o  withstand a c r i t i c a l  service environment. 
The test environment is usually a conservative simulation of the expected 
serrrice environment. 

SuBsYsTEM - A group of components w U . c h  I s  part of a larger system. 
rn atample of a subsystem is the Gemini Are1 cell module consistins of 
two fuel c e l l  sections, a hydrogen tank, an oxygen tank, pressure 
regulatcrs, valves and associated tubing and wiring. 

SYSIIBl - A complete o r  major portioil of a spacecraft. 



1.0 puHposE 

! h e  purpose of t h i s  document is tc present +&e results of a detailed 
vibration mi! acmet ic  test survey perfornted on four spacecraft 
programs, Mariner, Gemini, Lunar Ofiitee and Survey~r. This is a 
more detailed continuation of the vibration and acsustic survey conducted 
by the Boeiug Caqauy i n  1967 and documented in Reference 1. 
data are intended t o  support Apollo f l ight  w o r 2 h e s s  decisions md aid 
the evaluation of flight acceptance testing philosophy. 

These 

1.1 SCOPE 

Dum the survey data was collected on lziboretory test p r o g m  and results, 
f-t results, derivatim of test levels, ident i f icat ion of 
test factors, and spacecraft contractor conclusions and recommenda- 
tions. 
survey are included in Appendix C. 

The graund rules and specific informaticn desired on this 

'phe information presented i n  this document is the condensation of nany 
volumes of and was accumulated for this survey in a vexy short 
period of time. 
a series of zoncise statements reLevant t o  the Azrpendix C s t a w t  
of work instead of a comqzlete discussion of each subject. Uhezwver 
possible, t he  spacecraft contractors (JPL, McDOnneU-Dou&las, being) 
are Quoted directly from a w l e  document, m a w ,  telecons, etc., 
toelimina te *terpre+ation errozs by the authors of this document. 
Care was exercised t o  avoid inject ing opinions or  conclusions since 
the purpoee of this document is  t o  report the data as is, rather than 
t o  evaluate or make judgements. 

'pherefoE,the text of'this document is by necessity 

1-1 



D 2 - m 1 - 2  

vibration and acous?ic test p m g r a a ~ ~  are detailed for four spacecraf't, 
. 
has separate and d i s t inz t  missions f o r  different  spacecraft, the Mariner 
Mars 64 and Mariner Venus 67 projects are included i n  separate sections. 

..iner, Gemini, L;uliar Ofbiter and Surveyor. Since the Mariner program 

The Mariner MEWS 64 survey results a~ presented i n  Section 3. 
information was obtained Prclm JPL documentation and from both oral and 
written correspondenze w i t h  JPL eng-heers. 

mis 

Section 4 presents t h e  Mariner Venus 57 spacecraft survey results. 
Since the Mariner Venxs 67 spacecmft consisted of essent ia l ly  the same 
hardware B L ~  did Mariner Mars 64, Sectiou 4 is directed t a w a d  detai l ing 
the pmgram differences and changes. 
about tke Mariner Venus 67 project was t he  retest philosophy developed 
t o  u t i l i z e  lef tover  Mariner 64 hardware. 

One of the more significant things 

Section 5 details the Lunar O & i t e r  spacecrsft survey results. 
infolmstion w a s  collected by being-Seattle vibration and acoustics 
engineers frrw avrtilable Lunar O r b i t e r  data f o r  inclusion in this 
do-t . 
section 6 presents the spacecraFt survey results. TMS infoma- 
t i o n  w a s  collected by McIbnnell-DoUgLas G e m i n i  project  engineers fo r  
this survey. The Gemini spacecraft w a s  the only mmed vehicle considered 
i n  this m m y .  

This 

The Surveyor spacecraf't survey zesults are presented i~ Section 7. This 
set\tion is incomplete due to the lack of time available t o  gather infor- 
~ ~ k t i o n .  
t i on  and conversations w i t h  JPL engineers. 

The data sham are taken fran partially C o m p l e t e d  m docuutent8- 

&pendix A presents detailed lsboratory test failure data for  the 
Mariner ~ a r s  64 spacecraft program. 
pzesented f o r  both qualification and acceptance tests. 

subsystem test failure data are 

AppemUx B pmsents detailed laboratory and fX@t test data f o r  the 
Gemini spacecraft; progran a3 received from Mcbnnell-DougLas. 

Agpendix C contains the o r i g i n a l  task descriptions tha t  we= used t o  
conduct t h i s  survey. 
conducting this survey are found in Appentlix C. 

The M o m a t i c i  desired and ground rules used i n  

Appendh D consists of the  presentation made t o  the  Apollo Prom Office 
summarizing the findings of d i s  vibration and IIcaustics survey. 

2-1 



SECTION ,? 

Project knagement - Jet P r o p l s i o n  Laboratory 

Tarlnch V e h i c l e  - Atlas/Agena D 

Spacecraft 

Mariner I Launched 1962 Destroyed during boost 
%W*er 0 Launched 8/27/62 SuccessM Venus f l y  by 

Mariner I V  bunched 11/28/64 Successful Mars fly by 
M+riner V ~gunched 1967 Spare t o  Msriner IV, 

Mariner I11 hUlChed 11/5/64 &mud failed t0 j e t t i 6 G X l  

became MariEer 67 

Mariner III and IV are t he  Mariner Mars 1- spacecraft and are the 
scbject of this section. 

Mariner 64 ghys icd  characteristics, see mgure 3-1. 

Weigbt - 575 lbs. 
Mameter - 5 w i t h  solar pane& folded 

17 ft. w i t h  solar panels extended 
m - g f t -  

'Ihe informatior pmsentea in this  section w e r e  G b t a i n e d  from Refere~CeS 
2, 3, 4 anti 5. 

3.1.1 !Pest Pmgram Rationale 

3.1.1.1 Gene- 

Environmenta,l. t es t ing  is a controlled series of interrelated and integrated 
events which pe-t a Quality Judgment t o  be made of equipnent design 
and f l i gh t  acceptebility. 
i.e., qualification and acceptance tests at the subsystem level, arid 
at the  system level--are implicit ly related. 

'1Ae formal tes t ing  constituting the program- 

Specifically, the inspection and successful performtrnce of a subsystem 
o r  system during and following qpalification tes t ing  of fers  implicit  
eddence that the flight subsystem o r  systeu will not be degraded by 
less severe envimmental exposures during acceptance testing. 
the qualification test establishes confidence In  the mxistence of 
acc-le design margins i n  the  e p m e n t .  

Further, 

me M e r  64 test program was geared t o  the qualification test. 



3.1.1.2 Objectives 

Special development tests are intended t o  prove the f eas ib i l i t y  and 
adequacy of spacecraft mechanical hardware. 

Qualification tests are intended t o  veri* designs. 

Acceptance tests are intended t o  ce r t i fy  readiness f o r  fliat. 

The spacecraft systems test provides the only true mechanical, thermal 
and e l ec t r i ca l  environments and environmental interactions f o r  the 
various spacecraf't subsystems and components. 

3.1.1.3 Requirements 

One set of each subsystem w a s  qualification tested except for  waivers 
granted by the  spacecraft system manager. 

All proof test model (m) and flight-spacecraft subsystems w e r e  acceptance 
tested. 

Systems level qualification tes t ing  was performed on the PIM spacecraft. 

Systems level accep';ance tes t ing  was performed on each fl ight spcec ra f t .  

Special developtent tests were performe~ only on a few items ( n i g h t  
kardware not used) usually using qualification test hardware. 

Equipment subject t o  qualification level tests was not flown. 

All P!N, f l i gh t  and spare spacecraft eqxipnent w a s  required t o  pass the 
tests before considered acceptable f o r  fliat. 

3.1.1.4 Erwiromterrbl Test  Program Outline 

Figure 3-2 shuws relationships between environmental tests and governing 
documentation. 

3.1.2 Component bibration and Acoustic Tes ts  

The Mariner prog:lSm used the terminology assenibly, subassembly and sub- 
system. 
components and subsystems i n  this document (see Definitions). Therefore, 
the component aml subsystem leve l  tests are discussed 
describing subsystem since no dis t inct ion between the  two ww made i n  
JPL documentation. 

This terminology included test a r t i c l e s  which are defined 88 

the  paragraphs 

3-2 
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3.1.3 Subsystem Development Tests 

3.1.3.1 Objectives 

Subsystem development tests w e r e  conducted t o  conflrm analyses, v e r i Q  
problem solutions and gather c r i t i c a l  information e m e n t i a l  t o  proJect 
success. 

Prototype and test hardware wer= used for thcse tests. 

3.1.3.2 Tes t  Levels and Durations 

Test levels and duratiors f o r  special  development tests were not uniform. 
In general, test levels  were at least as severe as qualification levels.  
Durations are unknown fcr these tests. 

3.1.3.3 Test  Descriptions and Results 

(1) Damped s@ructure f eas ib i l i t y  t e s t s  

Solar panel damper design verified by 10 g peak sinusoidal test swept 
throu@ all panel resonances up t o  200 hz. 

lint gain antenna damper system testa revealed that the damper reduced 
the st ructure  motion by a factor  of m o b  than twenty. 

(2) Electronic packaging development tests 

Electronic assenibly chasses w e r e  subjected t o  3 g sine sweep levels  
from X-1500 hz i n  three axes. AU exhibited similar resonances. 

P ro to t ap  chassis and lightened chassis were subgected t o  1-g sine 
sweep from 20-1500 hz. 
flight, w t .  savings = 6 lts. 

As a rcsu l t  lightened chassis were selected f o r  

(3) High gain antenna tests 

A conibined heat-vibration test w a s  perfoxme3 t:, v e r i m  that aerodynamic 
heating would not degrade the antenna structure. 

(4) Solar panel s t ruc tura l  development test8 

Weight l imitetions required r a d i c a l  departure from previous panel design. 

Pre- acoustic tests &how& the c r i t i c a l  sens i t iv i ty  of spot 
welding c o m t r x t i o n  t o  acoustic energy. 
all bonded substzxte construction adopted. 

Spot w e l d i n g  abandoned and 
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3.1.3.3 (Continued) 

Final developmental vibration tests were used t o  determine the  a b i l i t y  
of the panel t o  survive the vibration environment. 
test completion, a test t o  f a i lu re  was performed wherein the panel 
failed at ll2$ 'bltimate" vibratory load. 
i l l u s t r a t ed  the lack of  excessive (unnecessary) margins of safety. 

After successfbl 

The test  t o  f a i lu re  vividly 

3.1.4 Subsystem Qualification Tests 

3.1.4.1 Objectives 

Environmental qualification tests w e r e  intended t o  verif'y designs, 

The tests w e r e  intentionally severe i n  order t o  compensate fo r  material 
and fabrication differences i n  flight hardware. 

3.1.4.2 Test Levels and Durations 

Low frequency (1-15 hz)  sinusoidal sweep vibration i n  each of three 
orthogonal axes (see ~ i g u r e  3-3). 

Ckmplex wave tests (1.S-2000 hz) i n  each of three orthogonal axes consisting of: 

Rmdom vibration (see Figure 3-4), 
Combined random vibration and swept sinusoidal vibration (see 
Figure 3-5). 

30 acoustic test w a s  required. 

3.1.4.3 Subsystems Tested 

There w e r e  154 complex wave vibration tests performed on 54 subsystems 
(tests waived f o r  one subsystem). 

I;here w e r e  90 low frequency vibration tests performed on 51 subsystems 
( tes ta  waived f o r  four subsystems) 

3 .I. 4.4 O p e r a t i o a  Requirements 

Subsystems which did r o t  operate during boos$er operation were not 
required t o  function within tolerance during the tests, only  t o  survive. 

Each subsystem w a s  required t o  operate iri accordance with its test 
specification without repair o r  adjustment following the test. 
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3.1.5 Subsystem Acceptance Tests 

3.1.5.1 Objectives 

Demonstrate the ab i l i ty  of  the subsystems t o  perform sa t i s f ac to r i ly  
i n  the selected environments at levels  at  least as severe as flight 
leveLs . 
Certie subsystem f l igh t  worthiness. 

3.1.5.2 Test  Levels and Durations 

Ccmplex wave tests consisting of: 

Randm vibration (see Figure 3-6), 

Cbmbined random vibrat!.on and swept sinusoidal vibration (see 
Figure 3-71 0 

No acoustic test w a s  required. 

3.1.5.3 Subsystems Tested 

There w e r e  533 vibration acceptance tests performed on 49 subsystem. 

Subsystems vhick did not operate during booster operation were not 
required t o  function v i th in  tolerance during the tests, only t o  survive. 

Each subsystem was required t o  operate i n  accordance with its test  
specification without repair o r  adjustment following the test. 

3.1.6 System, Development Tests 

3.1.6.1 General 

Systems level tests are required early i n  project development for the 
following reasons: 

(1) To deuonstrate hardware feas ib i l i ty ,  

(2) To evaluate interactions of the spacecraft and the  vibration 
and acoustic environments, 

(3) l o  verify subsystem leve l  test requirements, 

(4) To confirm analyses, 

(5) To verif'y problem solutions and gather cr i t ical  informstion 
essent ia l  t o  project success. 
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3 .I- .6 . 2 Test Configurations 

'pwo test space frames were subjected t o  vi 'mit ion and acoustic development 
tests: 

Development test model (MM) was composed of mass mackups of all struct- 
urctlly c r i t i c a l  spacecraft  items, 

Structural  t e F t  model (Sm) w a s  composed of mass and s t ruc tu ra l  simula- 
t ions  of a l l  spacecraft  components. 

3.1.6.3 ObJectives 

MM vibrat ion tests were performed to demonstrate s t r x t u r a l  i n t e g e t 3  
of the shroud and interface hardware and t o  measure interface clearances 
(see ~ i g u r e  3-8). 

MM acoustic tests w e r e  performed t o  determine the  vibrat ion response 
at selected spacecraft  locat ions when subjected t o  a high l e v e l  acoustic 
f ie ld  and t o  neastze the  shroud acoustic transmission loss. 

SClM vibrat ion tests w e r e  performed t o  ver i fy  the feasi 'b i l i ty  and adequacy 
of the basic  structural design. 

,c'JT.I acoustic tests w e r e  performed t o  sdbject the S294 spacecraft  t o  the 
proof test moael type acoustic test i n  preparation f o r  the PTM qud i f i ca -  
t i o n  test and t o  measure the acoustic transmission loss of the flight 
shroud. 

3.1.6.4 Test Descriptions and Results 

lllM vibrat ion tests consisted of a series of s inusoidal  excitations.  
From these teses it w a s  concluded that the Mariner shroud-spacecraft 
system w a s  qual i f ied t o  withstand maximum Pl ight  dynamic loads and all 
clearances w e r e  deemed adequate . 
MM acoustic tests consisted of a 142 db shaped acoustic reverberant 
field. 
transmission character is t ics  were recorded. 

Some st ructure  degradation cccurrea, huwever the shroud acoustic 

S'IM vibrat ion tests consisted of s inusoidal  and random exci ta t ion i n  
three axes plus torsional. vibrat ion about the roU a i s .  Signif icant  
Esults included strong nonlinear behavior of several elements of t he  
spacecraft;, i.e., s o l a r  panel dampers, PIPS bladder fuel sloshing arid 
scan p l a t f o m  bearing bac'klash. 

SIM acoustic tests consisted of a 142 db shaped reverberant field. 
MW P-soustic test  resifits were corrobo.mted by -she Sm test results. 
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3.1.7 Systems Qualification Tests 

3.1.7.1 Objectives 

Demonstrate the in tegr i ty  of  the  spacecraft 5eeign for the deleter ious 
e f fec ts  #of the launch environment;. 

&ua l ip iY  the design and demonstrate with a margin a specif ic  l e v e l  of 
equipment capabi l i ty  . 
kcate f a u l t s  and inadequacies by subjecting the spacecraft  t o  t e s t  
l eve ls  more severe than flight levels. 

3.1.7.2 Test Levels and h r a t i o n s  

Vibration tests consisting of: 

Sinusoidal sweep i n  three lateral. axes and roll axis  (see Figure 3 0 9 ) ~  

Random vibrat ion i n  three lateral, axes and roll axis  (see Figure 3-10], 

Torsionsl sine test (see Table 3-1). 

Acoustic tests were performed i n  a reverberation room (see Figure 3-11). 

Proof test model (PIM) spacecraft  was used f o r  all systems qual i f icat ion 
tests. 

Thz PIM spacecraft w a s  composed of 85% ac tua l  flight hardware. 

Control f o r  a l l  FSf vibratioii tests was obtained from six accelerometers 
on the Agsna/Mariner adq-tor . 
3.1.8 Systems Acceptance Tests 

3.1.8.1 Objectives 

Certify f l ight  wurthiness and demonstrate capabi l i ty  of each spacecraft  
t o  survive the launch environment. 

Detect spacecraft assembly er rors  and subsystem early l i fe  fai lures .  

3.1.8.2 Test fevels  and mra t ions  

Systems vlbrat ion acceptance consisted of: 

Sinusoidal sweep test i n  three orthogonal axes (see Figure 3-12), 

Random vibrat ion i n  three orthogooal axes (see Fit?;lre 3-13). 

No acoustic tests were performed, 
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3.1.8.3 Test Configuration 

Each spacecraft t e b t e d  :?as f 'd . ly  f l i g h t  equipped except f o r  the post 
inject ion propuhlon subsystem (PIPS) . Acceptance t e s t i n g  of the PIPS 
fl ight assemblj. is  conducted independent of f l i g h t  spacecraft, t e s t s  t o  
avcid hazardous tes t  conditicns. Control f o r  a l l  vibration tests was 
obtained from six accelerometers on t h e  Agena/Mariner adapter. 

3.1.8.4 Operational Requirements 

A system ver i f ica t ion  test was performed before and after each axis of 
vibration. 
each vil-raticn axis t o  insure proper vehicle condition. 

System ver i f ica t ion  test data was thoroughly evaluated af ter  

3.2 LABORATORY TEST FAILUKES 

3.2.1 Component Vibration and Acoustic Test Failures 

Component t e s t i n g  w & s  not distinguished from subsystem t e s t i n g  (see 3.1.2) 

3.2.2 Subsystem Development Test Failures 

Informa%ion pertaining t o  subsystem development test f a i l u r e s  could not 
bs made avai lable  i n  the limited t i m e  d o t t e d  f o r  t h i s  survey. 

3.2.3 Subsystem Qualification Test Failures 

Subsystem vibrat ion test  f a i lu re s  are summarized i n  Illable 3-2. 
f a i lu re  infomat icn  is  presented i n  Table A - 1  of  Appendix A. 

Detailed 

TBIE 3-11. SWYS% Q U A U F I W O N  TEST FAILURE SUMMARY 

1~0. of Total  Items Fai lure  
SU?8yS'k'US Tested Failed Rate 

54 244 30 12 34 

Failure Category Number 

Design Deficiency 23 
Part  Fai lure  7 

W o  rkmansh i p  7 
m e r a t o r  Error 5 
meratlr ial S u p ~ ~ o r t  Equipment (OSE) Failure 2 
w i s c .  2 

Total vibrat iox t e L t  problems 
Total  vibration test f a i lu re s  

46 
30 

*Not considered test faillires by JPL 

3.2.4 Sibsystem Acceptance Teat Failures 
Subsystem acceptance test f a i lu re s  are summarized i n  Table 3-3. 
f a i lu re  in;"onnaf+on is presented i n  T&le A-2 of Appendix A. 

Detailed 
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TABLE 3-111. ~UBSYSTEM ACCEFTANCE TEST FAILURE s w u m  

No. of T o t a l  Items Failure 
Subsystems Tested Failed Rate 

49 26 

Category Number 

Design Deficiency 
Part Failures 
Wo rlrmanship 

Wperator E r r o r  
Operational Support Equipment (OSE) 
Misc. Procedure 

Total  vibration test problems 
Total vibration tea% fa i lu re s  

p) 
ll 

5 
1 
4 
1 

27 
26 

*Hot considered as test f a i l u r e  by JPL 
(1) Over 1/2 the subsystems acceptance tested were later subjected t o  

(2)The 5 subsystems which Tailed due t o  design deficiencies had not been 
system l eve l  tests. 

previously subjected t o  qual i f icat ion tests, 

3 - 2 3  System Development Test Failues 

Information pertaining t o  system development test failures could not 
be made available i n  the limited t i m e  allotted f o r  this survey. 

3.2.6 System Qmlification T e s t  Fsilures 

System qual i f icat ion test f a i lu re s  are presented i n  Table 3-4. 

Anomaly 
Envimment Type Item &solution 

Acoustic Failure C W  fuse Transfomer redesign 
Vibration Failure Science scan cover Redesign 
7brat ion Failure Torsional vibration Reworked f ix tu re  

f ix tu re  
Vibration Failure Cmopus tracker Fkdesi- image dissector  

Vibration Problem Cosmic ray telescope Change ca l ibra te  reset 
Vibration Pmblem Cosmic duct detector Incorporated change order 

tube 

3.2.1 System Acceptance Test Failures 

Qstem acceptance test failures are presented i n  Table 3-5 
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During pmject  development significant problems arose of  such scope 
and magnitude as t o  jeopamlize the success of the mission ar.d w e r e  
therefore subjected t o  a thorough study under a maximum e f fa r t .  
problems w e r e  designated as "P-List Items", 

These 

Thm of the  'P-List Items" w e r e  caused by inab i l i t y  of certain hadware 
t o  survive the laboratory vibration e;ivironments. 
listed beluw and w i l l  be Ciscussed i n  the following paragraphs. 

!be three items are 

Canopus Tracker 
Vidicon Cainera  
U5C Instrumentation System 

3.2.8.1 Canopus Tmcker 

Mariner SIM vibration tests indicated that the tracker wouid experience 
relatively high inputs i n  cer ta in  frequency ranges due t o  mounting nthod 
and location i n  the spacecraft. 
w a s  only a mass mck-up; therefore, no f h c t i o n a l  problems were apparent. 

The tracker employed in the SIM tests 

A flight like tracker was tested ca the. H M  and w a s  found t o  be inoperable 
after test. 
occurred. 
in subsystem qualification. 

A failure of an anode wire i n  p h o t o d t i p l i e r  tube had 
It was l a t e r  established that a similar f a i lu re  had ammred 

A new subsystem qualification test was run w i t h  the tmcker  hardmounted 
to a shaker. Tes ts  ue r t  then mn with 
and without w a s h e r s .  The results of these tests showed tha5 hardmounting 
the tracker increased vibratim response i n  the c r i t i c a l  frequency rsnge, 

The photo-multiplier t d e  failed. 

A tracker with an improved tube design was thm tested on the PIM w i t h  
a bushing and washers installed at the S/C-Tracber interface. !3!he PCIM 
t e s t  qualified the tracker at  the EIM level and pmviCed data f o r  new 
Subsystem acceptance and qualification levels. 

The tracker with an i ~ ~ r o v e d  tube sa t i s fac tor i ly  passed subsystem level 
testing. 

The tracker with the  inrproved tube design was used on Mariner IV.  

Unlike the Canopus Tracker the Vidicon Caniera passed the PIM qualific&tion 
test. 
failed during subsystem qualificatioL. The fa i lu re  occurred fn weld 
joints and conductor leads. 

The first indication of a signtficant problem w a s  when t h e  camera 

Sine and randm tests were then mn 03 hardmau?ted vidicon tubes t a  
deternine c r i t i c a l  frequencies and response variations between tubes. 
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'he tube w a s  then tested on a s t ructural  mockup of the camera chassis 
using hard and soft tube mount configurations. These tests indicated 
t h a t  a soft  tube mount afforded the uaximm tube protection. 
tests were run usiw dif fe ren t  test techniques i n  an attenrpt t o  preserve 
the crigina'l hardmount design. 

Extensive 

The soft tube mount passed qusl i f icat ion tests and w a s  adopted f o r  the 
f l i g h t  configuration. 

A t t e m p t s  at modifying the nonaal subsystem qual i f icat ion test and test 
techniques w e r e  made t o  solve both the Canopus Tracker and Vi6icon Camera 
prcblems. !he actual solutiolls were obtained by lesign modifications. 
In the case of the C ~ O F U S  Tracker, the tube w a s  m f i e d  by internal  
structuml. stiffening. The vidicon solution was obtained by vibration 
isola*ion. This points toward the real izat ion tha t  the best approach 
to envimnmenm type problem areas is that of design improvement and 
not t e s t  technique a,nd/'or specification mdif icat ions.  

Microphone f o r  meammag - flight acoustic environment displayed unaccep- 
table behavior during aystem acceptance tes3 on MC-3 and MC-2. 

Micmphone mounting bracket was highly mson8nt and microphone w a s  
sensitive to local pressure fiuctuations fmrn the laboratory air  
conditione2. 

Modifications to the microphone system on MC-4 sprtcecrai% %ests did not 
solve the pmblens. 
was added at the adapter/Agena interface is l i e u  of the microphone. 

!Phe micropirone was removcd and a vibration transducer 

3-3 

shroud failed t o  dett ison on Mariner III. 
of a shroud s t ruc tura l  failure due t o  skin sepsration from the fiberglass 
honeycamb core. Immediate action was taken t o  subject a test shroud t o  
a combined *&emal-tmcusa test. The shroud skin delaminated and f'urther 
evaluation ind2cated tha5 the flight f a i lu re  mode probably w a s  similar. 
mere w a s  no e-vidence of a vibration-induced problem. 

me possibi l i ty  w a s  suggested 

The fa i lure  (skin separation fram t3e core) w a s  of such a nature that it 
could have been detected only by tests under cmbined envi-ronments 
(tempemture, vacuum, .and t i m e ) ,  
shroud system until after the fa i lure  of the Mariner III shroud. 

Such tests were not performed on the 
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3.4 DEKLVATION OF TEST IJWELS AND IDENTIFICATION OF TEST FACTORS 

3.4.1 Component Tes t  Levels and k r a t i o n s  

Ccaaponent testing w a s  not distinguished from subsyswm testing (see 
3.1.2). 

3.4.2 Subsystem Tes t  Levels and Dumtions 

3.4.2.1 Vibration Levels 

Infomation available on the method o f  derivation indicates tha t  
the subsystem vibration levels w e r e  determined by applying t ransfer  
functions t o  the system test levels.  

3.4.2,2 Vibration Dumtion 

&me as system test durations, see 3.4.3. 

3.4.3 systems Test Levels and Durations 

3.4.3.1 Random Vibration Levels 

Accep-ce test specti= w e r e  established by generously enveloping the 
95th percentile level (50 hz bands) faajnger data (see F i g u ~  3-14) . 
me levels w e r e  intended t o  be mild enough to avoid fatigue o r  reduced 
Ufe expectancy, but severe enough t o  indicate worlapanship defects and 
subsystem early l i fe  fai lures .  

u f i c a t i o n  test levels were esMblished by increasing the acceptance 
test spectra 4.5 db ( factor  of 2.9 on PSD and 1.7 on IMS), as sham i n  
l?Lgul?e 3-14, 
Ranger 99th percentile levels. 

!be qual i f icat ion levels were felt  t o  be i n  excess of 

Plese levels w e r e  never chaugeri during the course of the program even 
though the in i t ia l  levels w e r e  continuously reviewed t o  insure validity. 

3.4.3.2 Random Vibration Dumtions 

Acceptance and qualification test durations w e r e  rather arbi t rar iky set 
at  1 minute/axis and 3 minutes/axis, ? .spectively. 

These durations (based on Ranger data) vere intended t o  adequately cover 
the period of t i m e  during f l i g h t  that the vibratioa leve l  would be within 
10 db (factor  of 3.2 on €&IS) of the maximum level,(see Figure  3-15.) 

3.4.3.3 Sinusoidal Vibration Levels and Durations 

No infcrraation ava i labk  on derivation methods. 
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3.4.3.4 Torsional Vibration Levels and h r a t i o n s  

No infomation avai lable  on derivation methods, except that the  t e s t  is 
t o  account f o r  vibrat ion phenomena peculair  t o  the Atlas/Agena launch 
vehicle . 
3.4.3.5 Acoustic Levels and Durations 

The acoustic qual i f icat ion test l eve l  w a s  established using Mercury 
launch pad measurements. 

Method f o r  derivation o f  the  t e s t  duration (1.5 minutes) is unknown. 

3.4.4 Source of Data 

3.4.4.1 Vibration Data 

Ranger spacecraft w a s  considered t o  be of su f f i c i en t ly  similar general 
configuration t o  extrapolate its data t o  Mariner w i t h  confidence. 

Vibration data f romthe  Ranger 1-5 f l i g h t s  w e r e  ana3yzed and t h e  95th 
percent i le  leve ls  used as the  pred ic ted . f l igh t  environemtns. 

Staging tors iona l  t rans ien ts  f r o m  t he  Atlas/Agena vehicle w e r e  used t o  
establish to r s iona l  test levels.  

3.4.4.2 Acoustic Data 

Estimates f o r  the liftoff acoustic envirmment were based on Atlas! 
Mercury launch pad measurements. 

3.405 Idenkification of' Tes t  Factors 

3.4.5.1 System Ransom Vibration Tests 

The following tabulatioa iadicates  l e v e l  and d u x t i o n  test fac tors  f o r  
the  various system random vibrat ion tests: 

Ratio PSD Level FMS Lzvel Duration 

Qualification t o  Acceptance 2.9 1.7 3 
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3.4.5.2 Subsystem Random Vibration Tests 

Test  factors  were i n  general the same as systems factors. 
w a a  not a requirement. 

However, t h i s  

3.4.5.3 Comparison of System and Subsystem Tests 

Figure 3-16 shows a comparison of system end subsystem qualification 
randm vibration test levels  and durations. 

Figure 3-17 shows a comparison of system and subsystem qual i f icat ion s ine 
sweep vibration test levels  and duretions. 

3.5 COMPA€USON OF TEST IXVElX AM) FI;IGHT M A  

3.5.1 Flight Vibration Data 

Mariners III & I V  carried i=n ident ical  complement of instrumentation f o r  
measurement of i n f l i @ t  vibration data. 

Dsta shown here are from two accelercgneters mounted at the Agena/space- 
craf t  adaptor interface, sensi t ive i n  the longitudinal a i s .  Both 
accelerometers w e r e  on high frequency channels and a t t ached to  r ig id  
s t ructure  t o  avoid resonant mounting characterist ics.  

A time his tory of spacecr&t adapter acceleration is shown i n  Figure 3-18. 

The Lft;off PSD plo t  w a s  t e e n  from a 2.5 second time sample (see figure 
3-19) 

!he transonic PSD plo t  represents a 4 second time sL@e (see Figure 3-20) .  ' 

The r a t io  between fl ight acceptance test vibration response and flight 
vibrstion r*sponse at the  spacecraft adapter illustrates the conservatism 
i n  the  imposed requirements, (see Figure 3-21). 

There w a s  one radial and two tangential  luu frequency measurements on 
the adapter oriented t o  obtain tors ional  as w e l l  as lateral osciflations.  
This data w a s  not available. 

3.5.2 Flight Acoustic Data 

Acoustic data w e r e  acquired by two microphones on the umbilical tuwer 
and two microphones on a gmcnd lamppost during Mariner 111 launch. 
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3.5.3 Significant Comments 

The wideband +,ransonic vibration build-up and durat5on observed on 
Mariner (Figure 3-18) were unlike that experienced during any Ranger 
f l i gh t  (Figure 3-15). 
polating these data t o  "similar" vehicles should be questioned. 

The implication i s  tha t  the val idi ty  of extra- 

Comparing f l i g h t  and laboratory data it appears that  the nature  of 
vibrational response t o  acoustic excitation may require a degree of 
simulation unobtainable, except under E f l i gh t  condition. 

CONCLUSIONS AND REKDMMEXDATIONS BY JPL 

3.6.1 Canclusions 

The Mariners Mars 64 spacecraft equipment was subjected t o  an orderly and 
conserLstive environmentaJ. test program. Clearly defined general t es t ing  
requirements entibled at tent ion t o  be focused on potent ia l ly  damaging 
problems and contributed t o  the timely accomplishment of the test program. 
Satisfactory campletion of the  tes t ing  ac t iv i ty  permitted the project 
mnagement to approach the launch with confidence i n  the environmental 
integri ty  of the spacecraft. 

The spacecraft acceptance tests, established by enveloping the Ranger 
95th percentile probability level,  were never exceeded i n  flight. 

'phe qualification levels, accomplishedby scal ing i n  such a way that 
the  r a t io  t o  the acceptance tests w e r e  approximately 1.69, appear t o  
have developed suff ic ient  conservatism f o r  vehicle qualification. 

Of the 55 subsystem acceptance test failures,* 14 resulted i n  redesign. 
Ten of these 14 tests had not been preceded by the qual i f icat ion t e s t .  
The mlaining 4 fsilures w e r e  ident ical  fa i lures  on each of the 4 flight 
units of one subsystem, 
it i s  fe l t  that the same anomaly should have been seen during the 
qpalification test. 
LO of: the .LO acceptance envimmerital test fai lures  w h i c h  resulted i n  
redesign had one thing i n  common - qualification tes t ing  had not yet  
occuJ?red . 

The Aature of the fa i lure  w a s  very subtle, and 

Discounting these 4 acceptance fa i lures  then, all 

The 10 worlunanship errors  detected during subsystem qualification envir- 
onmental* t es t ing  indicate the need for  a pre-qualification test. 

Although not covered i n  the  survey, the shock t e s t  resulted i n  3 fa i lures;  
all 3 were latching relcly mdfUncti.ons, 
during vibration). Althou& t h i s  represents a smal l  f a i lu re  rate, there  
i s  an indication of f r a g i l i t y  of latching relays i n  a shock environment. 

There w e r e  no relay mal f fc t ions  

*13t all of these feilizres were due t o  vibration. 
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3.6.1 (Continued) 

AnaJysis of problem/failure reports generated during the environmental 
testing program indicated a num3er of pcirts and processes which w e r e  
vulnerable t o  the launch and space environment, Some of the more out- 
standing cases indicating trends of fa i lure  are enumerated fo r  thz  
benefit  of future pro Sects: 

1) Ceramic capacitors should not be used f o r  low l eve l  amplification 
i n  a vibration environment because of the i n i t i a t i o n  of piezo- 
e lec t r i c  action. 

2) Sigma relays are non-operational when exposed t o  shock erivlronment 
i n  excess of 100 g. 

3) Glass (vacuum) tubes consti tute a potent ia l  mador design problem and 
s ~ o u l d  be ruggedized and/or soft mounted. 
application should be viewed from the very outset  as G vibration 
problem, but amendable t o  solution. 

Every vacuum tube 

From the f eas ib i l i t y  studies of darnped structures, early i n  the program, 
it w a s  determined tha t  their u t i l i za t ion  f o r  the Mariner spacecraft 
would result i n  large savings of s t ruc tura l  weight. Continued investi-  
gation i n  t h i s  area appears t o  be equally a t t r ac t ive  f o r  application 
t o  future programs. 

3.6.2 JPL Recommendations for Futcre Programs 

Itany of the qualification environmental tesfs caused no fai lures .  
provides a strorig implication that i f  a uni t  passes cer ta in  key envir- 
onmental tests, it w i l l  pass all tests. 
vacuum/temperature would be t 'r,~ key tests. A cautionary word - simply 
dmpping all tests but the& vacuum and vibration is not advocated, 
rather, it is suggested that by purposeArlly structuring certain key 
tests and aclnuwledging cer ta in  operational comtraints ,  it appeam 
reasonable t o  drop less productive tests. 

This 

Complex wave vibration w-d 

me importance af completing qua l i f i ca t im  environmental t es t ing  early 
i n  a proJect cannot be ovexenrphasized. Accomplishing required design 
revisions and the deletion of 1- isatisfactory subsystems and components, 
p r i o r  t o  acceptance testing, swes expensive r e t r o f i t  and retesting, w i t h  
the  attendant Increased environmental exposure gf flight hardware. 
Design changes originating 8s a result of accertance test  priiblems 
sometimes pamlled ident ica l  problems arising i n  a concurrent qualifica- 
t i on  test  program, Therefore, it is  recormnended that an attempt be made 
t o  complete qualification t e s t ing  a t  the earliest possible data. 
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3.6.2 (Continued) 

The f a i l u r e s  detected during system leve l  environmental t es t ing  i l l u s t r a t e  
cer ta in  unavoidable deficiencies i n  the subsystein leve l  testing: some 
units (such 88 spacecraft cabling) are not amendable t o  assembly leve l  
tests; subsystem environmental interactions cannot be s i m l a t d  nor 
controlled; and degradation can occur between subsystem l eve l  acceptame 
and incorpoxtion into a spacecraft. 
solution f o r  such problems. 

Systems level. testing is  the only 

Beccuse of the present state-of-the-art i n  estimating vibraeion envir- 
caments and since future  programs w i U  be faced with the "same old 
problem of prescribing qualification tes t ing  levnl,s st early dates 
with l i t t l e  anilable infomatior ,  it appears hignly desirable t o  s t r ive  
toward a fa i lure  t e s t  of the p.rototype vehicle a t  an ear ly da:d i n  the 
progmun. This t e s t  would shuw jus t  what d e s i g  margin actual ly  exists.  
It would be invaluable t o  know jus t  bow much inherent  bu t  untested 
margin there is i n  a tiy-pical design wher, the need f o r  trade-offs arises 
late i n  the pmgm.  k demonstration of margin, by a t e s t  t o  fa i lure ,  
appears%o be a highly aesirable engineering tool. 

t, 

The laboratory results, observed during the high gain antenna combined 
heating and vibrakion tests, produced only moderate agreement between 
the antenna s t ruc tura l  response t o  the  swept sine and the  decaying s ine  
transient.  m e  technique presently employed. f o r  s t ruc tura l  integri ty  
demonstration u t i l i z e s  swept sinusoiOs and generally results i n  overly 
conservative testing. This is due largely t o  the f a c t  that: 

1) Safety factors are  used t o  establish the &wept sinusoid 
equivalent f o r  a t ransient  irrpulse, and 

2) Detailed knowledge of the dynamic response character is t ics  of a 
par t icular  s t ructure  are not Azlly known at  the  time when the test 
specifications are esta3lished. 

As a result, spacecraft s t ructures  appear to be considerably heavier than 
the boost environment necessitates and it would appear that large savings 
c~mald be achieved on f i t u r e  program by developing the t ransient  tes t ing  
technique. The c o r o U r y  t o  this problem is, of course, the development 
of the t o o l s  and techniques necessary to design and anaJyze f o r  t ransient  
loads . 
Although the overal l  INS v a h e  o f  the observed hunch vehicle inflight 
vibration has been qui te  similar from fligf-it t o  flight, the spectrum is 
known t o  be variable. A large ef for t  should be expended i n  order t o  
obtain infligh.t vibration measurements both inside the syacecraf't ad. 
on the launch vehicle. Work i n  areas such a8 wind t u m d  W S i S ,  
acoustical. t es t ing  of the spacecraft, etc., should be emphasized 3.n 
order t o  better understand the manner i n  which $he mechanism of vibration 
is affected and hat it is transmitted i n t o  and throughout the spacecraft;. 
Specific emphasis should be placed on obtaining estimates of  the response 
and t ransfer  character is t ics  f o r  complex electronic systems due t o  
acoustical  excitation 
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3.6.2 (Continued) 

Testing of the  vehicle on the ground is grosely affected by the f ix tu re  
transfer charactcr is t ics  whicn modify the input spectrum. 
f o r  f ix tu re  problems, such techniques as multiple shaker systems, f lex ib le  
f ixtures ,  etc.,  should be studied i n  order t o  increase the  dimeusions 
i n  which the vibrat ion t e s t ing  technique can be controlled,  

To compensate 

Improved reporbing of  environmental t e s t ing  would permit nore rapid 
disseminatio? of infomation t o  the project  and the  cognizant personnel, 
All acceptance and qual i f icat ion tests rnust be reported on a test  result 
summary since the  t o t a l  t i s t o r y  of an item under test  is Just  as impor tant  
as the f a c t  t ha t  it passed. 

Dynamic modeling of spacecraft  - while t h i s  ares was not of par t icu lar  
significance t o  a program such as Mariner, largely because of the vehicle 's  
re la t ive ly  s m a l l  size axd weight, t h e  anticipated size of future  spacecraft 
would indicate that  some work needs t o  be i n i t i a t e d  a t  this  3ime i n  order 
t o  study the sca3ing effects on very lerge/complex s t ructures  and the 
testing techniques t o  be ex~ployed. 

3-20 



X 
+ 

J 
J 
0 
K 

N 
I 

\ 
x 
I 

.. 
4 
I 
c3 

3-2 1 



3 -22 



e 
W 
W a 
\ 
Z 
aE 
v! 
c I 

- I 

'3 4 

00 
0 
(Y 

0 
0 
0 
F 

N 
X 

H m w 
B 

.. 
c3 
I 
c3 

3-23 



D2-120001-2 

x 

L) 
3 \ 

\ 
\ 

I c 

0 a 
0 

3 
M .. 

3 -24 



0 

VI 

I w c 

c 

m 

u, * ,  
m 

I 
I 
I 

t 
- c m c  

I 
0 4 

.. w 
t 
0 z 

N 
I 
0 
0 
0 ,m 
0 
t 
2 

0 

-Q cy 

0 
,d 
3 
c 

0 mm 
cy 

0 
W O  

c 

.O w 

c 

,o 
c 

c 

.. 
u) 

I 
ea 

3-25 



D2-120001-2 

I 0 

L 

0 
c 

0 

0 
0 
D 
N 

3 
3 
3 - 

3 
3 - 

3 
I 

c 
0 

0 
9 

3-26 



D2-120001-2 

z a 
0 

VI 

4 w 
I- * 
m 
3 

P 

* 

* 
m 

1 

nn 

0 
c 

I 

9 
c 

.. w 

c 
0 

*,B - 13A31 SWU 

8 
0 
N 

0 

,8 
c 

0 
v) 
N 

0 
0 
c 

0 
.p 

v) 
c 

0 
c 

c 

3-27 



D2-120001-2 

- -1 
I 
I 
I 
I '  
I 
I 
I 

- 0 -  I 

3-28 



D2-120001-2 

.J I----+ < 

ur w 
x 
4 

9 
0 
c 

0 
c 

3-29 



D2-120001-2 

c 
e 

- 
s 
0 

c 
0 

0 
0 

Y 

3-30 



D2-120001-2 

p 
\ 
\ 
I 

. 
L 

\ 
\ 
\ 

I 

0 0 0 0 
(Y c .p s2 c c c 

5: 
c 

I 

/' 
0 

0 
t 

4 
\ 

Q 
0' 
P 

0 
0 
0 
c 

0 
-0 
-0 

rr) 

cr) 
.c 

0 
0 
c 

0 'cv 

0 
c 

0 
0 
c 



D2-120001-2 

x a 

0 
E 

0 
c 

6~13A31 SWll  

c 
0 

8 
% 

-3 
c 

0 .o 
N 

0 
-0 
c 

0 
'cy 

.o c 

3-32 



D2-120001-2 

c 
'3 
0 
\ 
9 a 

u 
0 
d 
'D 

9 

3 
0 
N 

3 c, 
3 

z 
0 

2 es 
3 

3-33 



D2-120001-2 

"t 0 

\ 

c 
9 
0 

F 
0 
0 
0 

0 
0 
0 
N 

0 
0 
0 
F 

0 
0 
c 

0 
c 

3-34 



0 
Qo 

0 
h 

0 

0 
rc) 

0 

0 m 

0 
N 

0 
c 

O 

w 
t.l 

8 

0. 

in 
d 

I 
c3 

3 -35 



9 
c 

c 
d 

0 
0 
0 m 

8 
0 

N 
t 

I 

FI c u 
U 

3-36 



D2-120001-2 

'I 

0 
2 
0 
v) w 

0 
v) 
c 

m l  
SI 

I 
1 
1 
I 

c 
0 

0 
0 
0 eu 

0 
0 
0 - 

0 
v) 
cy 

0 
0 
c 

0 w 

v) 
c 

0 
c 

v) 

c 

z 
0 c 

3-37 



< 
< n 
c 
Lb < 
Qc u 
UJ u < 
Y s 
* 

.. 
QD 

I m 

3-38 



'F 0 

r 

0 
c 
0 
0 

c 
0 

0 
0 

t 
P 

3939 



\ 

c 
d 

f 
W 

I 

c 
9 
0 

c” 
0 

0 
9 5 

9 
0 

0 
0 
0 
F 

? 

0 
0 
F 

Q 
c 

3-40 



D2-120001-2 

RATIO OF RiAS RESPONSES 

0 
c c 

0 
c 

c 

-I t 

0 
3 
0 
(v 

F Q 

0 
0 

CCI 

0 

3 41 



D2-12OOOl-2 

ProJect Management - Jet Propulsion Lzhoratcry 

Launch Vehicle - Atlas/Agena D 

Spacecraft 

M67-1 - Never Flown. M~T-1 was a flight spare made up of the 
following: 

1. Frane was the  Mariner 64 proof test nodel (ZIM). 
2. Best remaining subsystems f r o m  the h r i n e r  64 flight spare 

3. Some subsystems from the  Mariner 64 (PIM). 
4. S o m e  subsystems used f o r  qualification tests. 

(Mariner V) . 

M67-2 - Flown i n  1967. ~ 6 7 - 2  w a s  n d e  u -  of the  following: 

1. h e  w a s  the Mariner 64 mght spare (Mariner v). 
2. New ,su'oaystems use3 if available. 
3. Some subsystew came from the Marlr,?r 54 c r i t i c a l  flight 

4. Some subsystems carnie from the Ma,*iner 64 f l i gh t  spare 
spares . 
spacecraft (Mariner v). 

Mariner 67 m'lysicd. Characteristics (See Figure 4-1). 
Weight - 575 lbs. 
Diameter - 

Lewh - 9 f't. 

5 ft. with solar paaels folded 
17 f%. w i t h  sclar panels extended 

The information presented i n  t h i s  section w a s  obtained from Reference 6. 

4.1.1 Test Program Rationale 

4.1.1.1 C.neral 

phih3ophy of the Mariner Venus project was t o  provide a Venus 
fly-by missicjn using the  basic Mariner iJlars 1964 spacecraft design and 
ha,rdware. 

The general. approach t o  tihe env2oamen.%l test p.mgram was to conaider the 
Mariner Venus 67 design a derivaticn of the adequately qualified Mariner 
Mars 64 design. 
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4 . 1 . 1 . 2 ObJect ives 

The g o a l  of the environmatal test program was t o  ecsure tha t  pol ic ies  
xere reaJ.ized - obtaining maximum results witiiout a system qualification 
test arbicle.  

4 .l . 1 . 3 Requirements 

A flight spacecraft (~67-2 )  and a flight spare si3acecraft (M67-1) were 
reqiired t o  be acceptance tes ted at  both the subsysteu and system level.  

Qualification t e s t s  vere cor,c?ucted on the Mariner Venus 67 subaystems as 
required t o  verify the  design. 

The system qualification test (Prcof Test Model) was eliminated from 
stha Mariner Venus 67 prygram. 

Mariner Mars 64 had %he requimneiitis that equipment sut3ect tc. qualifica- 
t ion  tests vould not be flawn. 
spare spacecf.aft (&(=l) atilised the system qual i f icat ion test s t ructure  
(€?Ill) of Mariner Mars 64 plus  some Mariiier Mars 64 subsystems which had 
been subjected t o  qualification testing. 

However, the Marirrr Venus 67 flight 

4.1.2 Component Vibration and Acoustic Tests 

%be Mariner program used the terminology asse?r,tsly, subaaseoibly and sub- 
system. 
cornponezits and subsystems i n  this  document (see Definitions). 
the coqonent  and subsystem l eve l  t e s t s  are  discussed i n  the paragraphs 
describing subsystems since no dis t inct ion between the two w a s  made i n  
JPL documentation. 

This terminology included t e s t  s r t i c l e s  whick are defined as 
Therefore, 

4.1.3 Subsystem Vibration and Acouotic Tests 

4.1.3.1 Geneml 

The Mariner Mars 1964 program w a s  c r i t i c a l l y  reviewed t o  determine what 
par ts  of the spacecraft were invalidated by des i s i  and mission changes. 

The review bdica ted  qualification ari! acceptance t e s t  levels  for  
m n e r  ~ a r s  64 were genera- adequate f o r  Marina Venus 67. 

Following the review, requalificatiog tes t ing  was perf'omed at the 
subsystem l eve l  i f  necesew.  

Since there ww no PIM, subsystems whose environments were either partially 
or wholly influenced by tie spacecraft were qualified akoard the 
s tn tc tura l  test nodel (STM) 

M a n y  special  developmental arid investisative tests were conducted on 
Ma*er Venus 67 t o  prove the feasibilit3- and adequacy of the spacecraf5 
hardware . 
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lr. l .3. l  (Continued) 

Acceptance tests were conducted on subsystems f o r  each spacecraft. 

4.1.4 Subsystem Development Tests 

.6.1.4.1 General 

kvelopment tests were not formal project requirements but were usually 
performed by organizations who felt  edditional information was needed 
pr ior  t o  formal testing. 

Development tests were generally run f o r  one o r  more of the following reesons: 

(1) To evaluate expected environment. 
21 To evaluate anticipated problems. t 3)  To determilie compa5ibility between subsystems . 

(4) As a result of other systems development problems. 

4.1.4.2 Objectives 

'Pests were conducted t o  prove the  f eas ib i l i t y  and adequacy of the s2ace- 
c raf t  hardware. 

4.1.4.3 Test Levels and Durations 

Test leve ls  and durations were not available f o r  t h i s  survey. 

4.1.4.4 Test Descripticrn and Results 

(1) Solar Panel Deployment Tests 

A modal test  was conducted t o  verify dynamic analyses (mode shapes, 
frequencies and damping), 
dicted by analysis. 

The tests verified the panel properties pre- 

Modified Mariner Mars 64 panels w e r e  tested t o  verify Sui tab i l i ty  of t i p  
latching scheme. 
ana damping approach and ver i f ied the su i t ab i l i t y  of  so la r  panel analysiR. 

The test demonstrated the  soundness of t i p  latching 

(2) Higk Gain Antenna and Sqers t ruc ture  Tests 

&e Mariner Venus 67 high gain antenna subsystem was a new design. 
t e a t  was run t o  determine the dynamic response of *>he new desigs: for 
compsrison with theoret ical  analyses . 
analysis amplitudes were conservative by 20$ t o  30s. 

A 

Test data indicated the theoret ical  

(3) Dual-Frequency-Receiver Test 

A vibration t e s t  w a s  conducted t o  determine the response characteristics 
of the 432-Hz test specimen. 
t i on  t e s t s .  
s t ruc tura l  adequacy of the deaign. 

Test levels  were derived from S P A  vibra- 
The result? from the davelopment test verified the 
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4.1.4.4 (Continued) 

(4) Temperature-Control-Reference (TCR) Tests 

Vibration t z s t a  were conducted t o  deternice the dynamic response 
characterist ics and EtiWCtul”ai integri ty  cf TCIi des’,@. 
were run over the frequency range of 20 t o  4OC hz a t  acceleration levels 
from 1 t o  12 g m .  The t e s t e  indicated tha t  tke stizlctural integri ty  of 
TCR was more than sufficient,  and resonant freGuencies were not expezted 
t o  cmple with solar panels. 

Four t e s t s  

(5) Data Autom%.on System (DAS) Subchassis T e s t  

A largf 
required i n  order t ha t  the subchassis would meet the 400 hz minimum 
resonance zquirement. The t e s t s  resulted i n  modification t o  tine 
standard subchamis (addi t im cf rjcrews and increased material thickness) 

subchassis w a s  required f o r  the  new IMS design. Tests were 

(6) Radiw %lay Tests 

A relay failure cccurred j u s t  p r ior  t o  launch of  M67-2. 
replaced but a different mountir- bracket vas used. 
tested a t  JYL using th?  same relay t ha t  W&S onboard 1467-2* 
random and sine swezp tests we= mn w i &  reiays energized and c i rcu i t ry  
monitoied f o r  chatter. 

The relay was 
Two relays were 

Qualification 

h e  relays passed the  test. 

4.1.5 Subsystem QuaLification Tests 

4.1.5.1. General 

To provide assurance of locating design inadequacies qualification tests 
8- more severe than operational conditions, but not so  severe that 
reusonable safety limits are  exceeded o r  t ha t  unrea l i s t ica l  f a i lu re  modes 
are excited. 

@alif icat ion tests a r e  nct intended t o  be destructuve tests. 

4.1.5.2 Gbjectives 

Subsystem qualificaticK tests were conducted t o  requalify Mariner Mars 
64 subsys te~~s  invaliiatec: by Mariner Venu~s 67 design and mission 
changes . 
They were intended ‘50 vaU&te the acceptance test t-chniques. 



4 .I. 5.2 (Continued) 

me SIMtests yielded environmental data t o  confirm subsystem test 
requirements. 

4.1.5.3 Test Levels and Ixlrations 

Same BE Mariner Mars 1%4 (see Section 3). 

4.1.5.4 kbsysteas Terted 

Of the 38 subsystems that w e r e  qualified on Mariner Mars 64, it w x  
decided that 25 should be subjected again t o  some degree of qualification 
testing f o r  the following reasons: 

(X) 10 because of new design. 
(2) 12 because of design change between Mariner Mars 64 and IGxiaer 

( 3 )  3 because of new environment (not necessarily new vibration o r  
venw 67. 

acoustic environment) . 
!he degxee of  qualification retest ing w a s  determined by the cognizant 
subsystem engineer and spacecraft environmental requirements engineer. 

Because of no EIM the folrowing w e r e  either whcUy o r  pa r t i a l ly  qualified 
for  vibration aboard the SJM: 

(1) so- panels 
(2) solar panel t i p  dampers 
(3) dual frequency receiver (Dn) antennas 
(4 teMperz,ture-control references 
(5 1 h i g h - g e  antenna deployment assembly 
(6) thermsl-control shields and blankets 

4.1.5.5 Special Subsystem Tests 

Special testing af the solar p a r d  system w a s  conducted because most of 
the qualification tes t ing  of Mariner ~ a r s  64 w a s  V C ~ C ? ~  since Mariner 
Venus 67 mission changes affected 
The tes t ing  sequence vas: 

of the spacecraft apperiiages. 

Vibration qualification test on the SlM. 
p e l  qualification test (4 .2  g's @ 74 hz and +9.9 g ' s  43 lll hz). 
No physical damage. 

Selected modes f o r  single 

No e l zc t r i ca l  degrda t ion  &ring o r  after test. 

Vibration development t e s t  on a single panel. 
intended t o  be fonnal qualification but changed t o  development test 
because of panel damage due t o  thermal-vacuum te s t .  
t e s t  levels  were established during tinis t e s t  (~1.2 g 's  from 67 t o  
83 hz, I +2 g's from 105 t o  120 hz). 

The test was or ig ina l ly  

Input acceptance 
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(3) Single panel acoustic test in a revefiera3ioii m o m  at acceptance 
and qualification levels. 
E b ~ o o e d  to acce2tance level f o r  2C seconds, followed by 
qualification levels for 60 seconds, 
during acceptance test. 
during the& vacuum test. 

All appendages welz not on panel. 

Cell covers broken mostly 
Broken ceUs probably due to dauage 

(4) Single panel acoustic test in a reverberation room at qualification 
levels. !Fhe panel w a s  mounted 0'1 the SJM with all appendages in 
place. 
at a l l  frequencies. 

Test had to be n ; ~ n  twice to obtain 
No damage to panel or 

proper acoustic level 
appendages . 

4.1.6 Subsystem Acceptance Tests 

4.1.6.1 Genenit 

Acceptance test levels were intended to equal or exceed flight levels. 

4.1.6.2 ObJectives 

Subsystem acceptance tests were conducted to uncover major problems 
prior to system level testing. 

4.1.6.3 Test Levels and Duration 

SZUE as Mariner ~ a r s  64 (see Section 3) .  

4.1.5.4 Subsystems Tested 

35 of the 38 subsystems for each spacecraft. were subjected to a sub- 
system acceptance test prior to spacecraft assenib~y. 
tests were still valid on three subsystems. 

Mariner ~ a r s  64 

4.1.6.5 Special. Subsystem Tests 

Special vibration acceptmce testing was conducted on 3 solar flight 
panels. The panels were tested separately. Difficulties in controlling 
the xibration response levels established during qualification tests 
resulted in a decision to include the panels as pal% of the systems 
level test , 

4.1.6.6 Sbbsystem Retest 

F'ive ~67-1 subsystems underwent limited mbsyste9 acceptance retests 
because of rework following system level acceptance tests. They were: 

(1) Data automation subsystem, (4) Power Subsystem, 
(2) Rapid subsystem, (5) DU~I .  frequency receiver. 
(3) Tape recorder subsystem, 

4-6 
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4 . 1 . 6 . 7 ope rat ion& Requirement 

Subsystems were required t o  operate during acceptance t e s t s  as required 
during the spacecraft mission. 

4.1.7 System Development Tests 

4.1.7.1 General 

See paregrqh  4.1.4 f o r  a discussion of  development tes t ing.  

4.1.7.2 T e s t  Description 

System dwelopmental t e s t s  were conducted as par t  of the system qualifica- 
t ion  test, see paragraph 4.1.8. 

4.1.8 Systems Qualificai-ion Tests 

4.1.8.1 General 

Since Mariner Venus 67 w a s  considered t o  be a derivative of the adequately 
qualified Mariner Mars 64 the project management decided early i n  the 
program t o  eliminate the  FTM (system qualification t e s t  vehicle) i n  order 
t o  save both time and money. I n  some bases ,  however, the Mariner Venus 
67 SfM w a s  used as a subst i tute  fo r  the F?IM t o  qual ie  subsystems whose 
vibration environment is strongly influenced by the spacecraft system. 
System l eve l  test objectives could not always be satisfied on the  STM 
which sometimes led t o  an unusual system test on the spare spacecraft 
(M67-1), o r  i n  rare cases an unavoidable deficiency i n  the test p r o g m .  

4.1.8.2 Objectives 

Sys3ems qualification tests were conducted to:  

Validate the environmental techniques f o r  use i n  acceptance testing. 
Verify the spacecraft's a b i l i t y  t o  s t ructural ly  withstand t h e  bogst 
environment, 

Obtain supplenental dynamic response data required by l a t e  design 
changes . 
Provide data f o r  confirming subsystem test requirements. 

4.1.8.3 T e s t  Levels and Durations 

The Mariner Mars 64 system leve l  acoustic t e s t  was considered valid f o r  
Mariner Venus 67 except f o r  the solar panel tests, see Paragraph 4.1.5. 
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4 . 3 . 8 . 3 (Continued ) 

The spare spacecraft (~67-1 )  was subjected t o  limited qualification test  
levels. 
below 800 Hz, but less than Mariner Mars 64 FIN le-rels. 
did not invalidate M67-1 flight worthiness. 

The levels were higher than ~ 6 7 - 2  vibration acceptance levels 
These levels  

4.1.8.': Test Configuration 

The s t ruc tura l  test  model (SIM) w a s  composed of flight s t ruc tura l  items 
and s t ructural  simulation of all spacecraft, components, 

4.1.8.5 Test  Description and Results 

The i n i t i a l  vibratioii tests on SIM were l o w  frequency s t lvc tu ra l  develop- 
ment and design ultimate load tests w e r e  run f o r  torsional, lateral and 
ro l l  axes with four uncelled so la r  panels. 
wave vibration tests were run f o r  the roll axis and two lateral axes t o  
qualify the one celled so la r  panel. 
roll axis t o  determine dynamic response of the  PIPS. The S!lM withstood 
design ultimste-load and structural-qualification dynamic-load tests. 
Total vibration time w a s  208 minutes. 

I o w  frequeccy and complex 

Low level tests w e r e  run  i n  the 

Final vibration tests on STM w e r e  conducted on a modified version of t h e  
i n i t i a l  Mariner Venus 67 S'IM. 

The tests w e r e  run CJ supplement dynamic response data required by late 
design changes and t o  qgalify structure not included i n  i n i t i a l  tests. 
The test a l so  - r e r i f i e d  complex vibration test  procedures t o  be used on 
flight spacecra,%. 
dynamic load tests w e r e  run f o r  the ro l l  axis and two lateral axes. 
The GSL'M withstood the  qualification dynanic load t e s t .  
time w a s  60 minutes. 

Low frequency s t ruc tura l  development and qualification 

Total vibration 

4.1.9 System Acceptance Tests 

4.1.9.1 General 

Acceptance levels w e r e  intended t o  either equal o r  exceed f l i g h t  levels. 

Both spacecraft were acceptance tested t o  conservative levels  f o r  
vibration. 

4.1.9.2 Objectives 

System acceptance tests vere conducted t o  give assurance t h a t  the fl ight 
hardware is a representative sample of the  design subjected t o  the 
qualification test and t o  identify any manufacturing defects tha t  may be 
present i n  the flight hardware. 

4-8 



D2-12OOO1-2 

4.1.9.3 Test Levels and Durations 

System acceptance tes t  levels were the same as Mariner Mars 64 (see 
Section 3). 

4.1.9.4 Test Conf igumtions 

The ~67-1 spare spacecraft was acceptance tested and corsisted of  flight 
hardware with the exception of  the post-injection propulsion system 
(PIPS), pyrotechnic actuators, and 2 solar panels. 

The ~67-2 f l i g h t  spacecraft was acceptance tested and consisted of flight 
hardware except f o r  the PIPS and pyrotechnic actuators. 

4.1.9.5 Subsystem Retest 

Five ~67-1 subsystems had t o  undergo limited subsystem acceptance retest- 
ing becau-z of rework necessary following the  ~ 6 7 - 1  system test, see 
Paragraph 4.1.6. 

4.1.9 . 6 Operational Requirements 

A l l  systeas are required ts operate during acceptance tests as required 
during corresponding periods of the spacecraft mission. 

4.2 LABORATOW TEST FAILUHES 

4.2.1 Cmrponent Vibration and liceustic Tes t  Failurns 

Included i n  subsystem data (see Paragraph 4.1.2). 

4.2.2 Subsystem Development Test Failures 

No fa i lures  noted. 

4.2.3 Subsystem Qualification Test Failures 

4.2.3.1 Vibration Tes t  Summary 

TOTAL ITEMS 
TESTED 

FAIWRF, 
FAILED RATE 

21 5 23.874 

A f a i lu re  is considered t o  be one unique problem, i.e., if several units 
failed due t o  the same problem, it was considered as one fai lure .  

4-9 
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4.2.3.2 Fai lure  Categories (see Table 4-1 f o r  Details) 

Design Deficiency and Age 

UnreaEst ic  Test Condition 

1 

1 

Design Deficiency and Faulty Workmanship 1 

Unknown 1 

4.2.4 Subsystem Acceptance Test Failures 

4.2.4.1 Vibration Test S u m a r y  

TOTAL ITEMS 
TESTED FAILED 

117 7 

FAILURE 
RATE 

6.0% 

All subsystem acceptance f a i l u r e s  were followed by a successful rerun 
o f  t h e  acceptance tes t .  
problem, i .e6,  i f  several  units failed due t o  the  same problem, it was 
considered as one f a i l n e .  

A f a i l u r e  is  considered t o  be one unique 

4.2.4.2 Failure  Categories (see Table 4-2 f o r  Details) 

CATFlGORy 

Design Deficiency 

Faulty Eorkmanship 

Faulty Procedure 

3 

3 

1 

4-10 
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4.2.5 System Development Test Failures 

System developmelit tests were conducted as par t  o f  the  system qualifica- 
t i on  test, see Paragra2h 4.2.6. 

4,2.6 System Qaalification Test Failures 

None o f  the  subsystem test fa i lures  recurred during system l eve l  t e s t s .  
System qualification tes t  fa i lures  are summarized in Table 4-?. 

4.2.7 Systems Acceptaxe Test Failures 

There were no fa i lures  reported on the  M67-2 f l i gh t  spacecraft. 
acceptance test fa i lures  on the  f l i gh t  spare vehicle are shown i n  Table 

Systems 

4-4. 

4.3 FIJXllT FAILUFES 

No failures were reported by JPL. 

4.4 DEXUVATIONS OF TEST WI;S AND IDENTIFICATION OF TEST FACTORS 

An examination of  the  general qualification and acceptance test  levels  
for  Mariner Mars 64 revealed tha t  they Lere apprmriate  f G r  Mariner 
Venus 67. 
test  l eve l  were made t o  faci l i ta te  tes t ing.  

Certain procedure changes which had negligible e f fec ts  on 

4.5 COMPAKTSON OF TEST LENELS AND FLIGHT DATA 

No comparisons were available f o r  Mariiier Venus 67. 
f o r  Mariner Mars 64 should be applicsble (see Section 3) 

The comparisons 

4.6 CONCLUSIONS AND HECOI4MFtNRATIONS BY JPL 

4.6.1 Conclusions by JPL 

A l l  the  goals regarding the Mariner Venus e( tes t  program were realized 
i n  many cases more sa t i s fac tor i ly  than those f o r  the Mariner I1 and 
Mariner I V  test programs. A greater del;th of penetration was possible 
on the Mariner 67 program, because of the f ac t  t ha t  the spacecraft hardware 
and gross design had been previously qGalified, permitting emphasis t o  
be placed on specific hardware items f o r  which either the hardware o r  
the  e-ivironment had changed. 

The current success of Mariner Venus 1967 could not have been achieved 
without a highly successful environmental test program designed with 
the capabili ty t c  ident i fy  potent ia l ly  dangerous problems. 

4-14 
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4.6.1 (Continued) 

The quaLf5cation f a i lu re  rate was higher for  both vibration and thermal 
vacuum m the Mariner 67 project. 
o f  o l d  hardvare on the Mariner Venus 67 project, which was 3eft from the 
?ilcs.riner Xars 64 project, since the t e s t  levels  were essent ia l ly  the same 
f o r  botL 2ro.jects. 
ra te  was due t o  tr. laqk of developmental tes t ing.  

This f ac t  most l ike ly  re f lec ts  the use 

Another reason f o r  the higher qualification fa i lure  

Since there was no P!lM (system q u a l i f i c a i i z  s r t i c l e )  f o r  Mariner Venus 
67, the spare spacecraf't, ~67-1, often served as a PTM b u i  w*uz -->hiected 
t o  levels lower than the  Mariner Mars 64 PIM. A deficiency i n  t h e  test 
program w a s  that the Mariner Venus 67 fl ight spare spacecraft system 
(Mariner Venus 67-1) was not tested t o  full P'IM levels. 
rendered the spare spacecraft unflightworthy. 

This would have 

The sweeping sine vibration test exists i n  present test  programs largeiy 
because of precedent and its use as a diagnostic tool; however, no sine 
o r  sweeping s ine vibration occurs i n  an actual  launch environment. 

4.6.2 Recommendatioi :a f o r  Future Programs 

The retest philosophy that  evolved from the Mariner Mars 1964 md the 
Mariner Venus 67 testing programs is =commended f o r  future programs. 

I f  a subsystem has a fai lure ,  it is certainly necessary t o  requalify 
t h a t  portion of the  subsystem t h a t  has had t o  be reworked, 
subsystem is  a qualification unit, it i s  recommended that the reworked 
portion of t he  subsystzm be required t o  pass a qualification test  and, 
also, multiple acceptance tests if time permits. 
acceptance unit, then the reworked portion of the uni t  should be required 
t o  pass an acceptance test, 

If the 

If the  subsystem i s  an 
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SECTION 5 

LUNAR OIZBITER 

5 .o GENERAL IN3DRU!I?ION 

Spacecraft Development and Mamfacturer - The Toeing Company 

Program ManagernerA - NASA/Langley Research Center 

Launch Vehicle - Atlas/Agena 

Spacecraft-Lunar Orbiter 

Ground Test Spacecl.aft #1 (Qualification T e s t  Model) 
Ground Tes t  Spacecraft #2 (Acceptance and Mission Simulation Test 

Model) 
Spacecraft #% Mission I hunched 8/10/66 
Spacecraft #s Mission 11 Launched 11/6/66 
Spacecraft #6 Missicjn 111 Launched 2/5/67 
S p a c e c m  #7 Mission IV Launched 5/4/67 
Spacecraft #3 Mission v Launched 8/1/67 

Lunar Orbiter 

Weight - 
Diameter 

Height - 

physical characterist ics (see Figure 5-1) 

853 lbs. - 17.5 ft. fmx t i p  of high-gain antenna t o  t i p  of low- 

, 

gain antenna 
5.0 ft. with antennas and so la r  panels folded 

7 ft. 

The information presented i n  t h i s  section yas obtained fmiil Reference 
7. 

5.1.1 T e s t  Program Rationale 

5.1.1.1 General 

The test  pragram i n  general was based on three major test phases: 
(1) development testing, (2) component testing, (3) system testing. 

Specific allocation of  program hardware w a s  defined early i n  program 
t o  meet test and f l i g h t  program requirenents. 

A l l  tests leading up t o  the accep5ance t e s t ing  of f ina l  configuration 
assemblies may be considered t o  be part of tlie development and qualifica- 
t i on  test program. 
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5.1.1.2 Objectives 

Developmental tests w e r e  conducted t o  generate engineering data, t o  
resolve technical problem.. t o  verify o r  improve design concepts. 

Qualification tests w e r e  conducted t o  determine t h a t  design and fabrica- 
t i o n  procedures were adequate t o  allow f o r  expectea variations ir, 
individual a r t i c l e s  and environments. 

Acceptance tests consisted of finctional tests t o  assure comgliance with 
performance specification and f l i g h t  l eve l  environmental tests t o  
demonstrate the adequacy of hardware items f o r  flight use. 

Mission simulation t e s t s  w e r e  perfomed t o  verify spacecraft operation 
under a r e a l i s t i c  f l i g h t  environment; demonstrate performance and 
suscept ibi l i ty  t o  mission envimnmeats; demonstrate r e l i a b i l i t y  and l i f e  
cycle capability. 

Major portions of the spacecraft w e r e  subjected t o  spacecraft; test 
levels with the prim! objective of qualification and/or acceptance of 
components o r  subsystems. 

5.1.1.3 Requirements 

Systems qualification vibration and acoustic tests w e r e  perfomed on 
ground test spacecraft #l. 

Acceptance and mission simulation tests werc perfomed on ground test 
spacecraft assembly #2. 

Acceptance tests were required on a l l  f l i g h t  spacecraft. 

Components w e r e  acceptance tested before being qud i f i ca t ion  tested. 

Development tests were conducted on the Dynamic Jhzlopment Models I 
thru 111. 

Equipment sutjected t o  a qualification test was not flown. 

5.1.1.4 Environmental Test Program Outline 

Figure 5-2 shms the  relationships between environmental tests. 
practice, the vazious test  types w e r e  interspersed with pa ra l l e l  
development and concurrent testing at  a l l  levels .  

I n  
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5.1.2 Component Developnent Test 

Component vibrat ion development tes t ing  was performed using Dynamic 
Development Models (DIN)  as test beds. 
including test  levels w a s  not available f o r  t h i s  survey. 

More info.mation on these tests 

A t  least one component acoustic development tes t  was performed. 
rocket engine heat shield w a s  tested i n  a reverberation chamber a t  the  
levels and durations shown i n  Figure 5-3. 

The 

5.1.3 Component Qualification Tests 

5.1.3.1 General 

A general  test requirement was set for  components; however, the general 
requirement was modified as required t o  provide a more r e a l i s t i c  test. 
Two methods w e r e  used t o  m o d i f y  t he  requirements: 

(1) Define requirements based on mas2rements taken during system 
l e v e l  tests. 

(2) Qualify component during syste'ic l e v e l  test. 

Certain component tests w e r e  waived i f  the tests were nou relevant. 

5.1.3.2 Objectives 

Component qual i f icat ion tests w e r e  intended t o  determine tha t  desiga Land 
fabricat ion techniques were adequate t o  allow f o r  expected var ia t ions i n  
individual a r t i c l e s  and envimnments. 

5.1.3.3 Test Levels and Durations 

Vibration t e s t s  consisted of :  

Sinusoidal sweep i n  each of three orthogonal axes (see Figure 5-4). 

Random vibrat ion i n  each of three orthogonal axes (see Figum 5-5). 

&dum vibration levels are the same f o r  component and system l e v e l  
testing . 

No acoustic test was required. 
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5 .l.3.4 Operational Requirements 

Following completion 6f the qual i f icat ion tests, components were 
considered not flightworthy . 
Components were required t o  operate within tolerances before and a f t e r  
t he  test . 
The components must have successfully completed acceptance tests before 
qual i f icat ion tes t ing.  

5.1.4 Component Acceptance Tests 

5.1.4.1 General 

A general test requirement was set for components; however, the general 
requirement was modified as required t o  pmvide a more r e a l i s t i c  t e s t .  
Two methods w e r e  used t o  modify the requirements: 

(1) Define requirements based on measurements taken during system 
l e v e l  tests. 

(2) Acceptance test  component during system l e v e l  test. 

Certain componenr; tests were waived i f  tests were nct  relevant. 

5.1*4.2 Objectives 

Acceptace tests w e r e  conducted ti-.. demonstrate the adequacy of components 
f o r  f l i g h t  use. 

5.1.4.3 Test  Levels and Durations 

Vibration tes ts  consisted of: 

Sinusoidal sweep i n  each of three orthogonal axes (see Figure 5-6). 

Ehdorn vibrat ion i n  each of three orthogonal axes (see Figure 5-7). 

Random vibrat ion levels are the same fo r  component and system 
l eve l  tes t ing.  

No acoustic test  was required. 

5.1.4.4 Operational Requirements 

Components were required t o  operate within tolerances befo-re and Etfter 
the test. 

The components mist have successfully c c q l e t e d  accestarne tests before 
qual i f icat ion testing. 
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5.1.5 Subsystem Vibration and Acoustic Tests 

Extensive dynanic tes t ing  a t  the  subsystem l eve l  i n  d is t inc t  contrast  
t3  either component o r  system l eve l  tests was not conducted on the  
Lunar Orbiter. The photographic subsystem was independently tested by 
the  subsystem vendor; however, qualificatiou and acceptance tes t ing  of 
the photographic subsystem was performed with the  camera package ins ta l led  
on the  Boeing-furnished spacecraft assembly designated as a Dynamic Test 
Fixture (DE), with tes t  l eve l  inputs based cn the  system test c r i te r ia .  
Similar system tests w e r e  conducted with par t icular  a t tent ion t o  other 
components o r  subsystem elements. 

5.1.6 System Development Tests 

There were no systems acoustics development tests performed on the Lunar 
Orbiter. 
DIM hadware, but detailed information w a s  not available f o r  t h i s  survey. 

Systems vibration development tests were performed using the 

5.1.7 Systems Qualification Tests 

5.1.7.1 Objectives 

System qualification tests vere performed t o  determine tha t  design wid 
fabricatior, piocedures were adequate t9 allow for expected variations i n  
individual a r t i c l e s  qnd environments. 

5.1.7.2 Test Levels and Durations 

Vibration tests consisted of: 

Sinusoidal sweep, lateral  axis (see Figure 5-8). 

Sinusoidal swee-p, longitudinal axis (see Figare 5-9). 

Random vibration, t h ree  axes (see Figure 5-5).  

Torsional sine test  (see Table 5-1). 

Random tes t ing  a t  four input levels i s  unique t o  the  Lunar Orbiter 
progrm . 
A s i s i f i c a n t  feature of the system leve l  s ine tes t  i s  the provision 
f o r  notching t o  reduce input amplitudes a t  major spacecraft resonances. 

Acoustic tests were conducted i n  a reverberation room (see Figure 5-3). 
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TABU 5-1. S Y S ~  QUALIFICATION TEST TORSIONAL VIBRATION LEVELS 

Level - Frequency 

2c-60 Hz - +8.6 radians/sec2 

60-150 Hz - +17.2 radians/sec2 

Following the  above sweep, a 0.4 second tone bi 

One sinusoidal sweep at 4 octaves/minute as foUc.ws: 

rst of ang lar  vibrat ion 
s h a l l  be applied as follows: 
s t ruc ture  i s  noted i n  the  60-75 cps band during t h e  foregoing sweek, 
t h i s  resonance frequency shal l  be used as t h e  frequency of t h e  burst. 
If no such resonance is  noted 68 cps s h a l l  be used. 
be amplitude-modulated by a half-cycl 

If a to r s iona l  resonance of the spacecraft 

The tone burst  s h a l l  
of 2.5 cps sinusoidal modulation 

with an amplitude of 96.6 radians/sec z . 
This tone burs t  s h a l l  be repeated i n  t h e  same manner, except that, i f  
t h e  frequency of  t h e  major resonance varies with amplitude, t h e  second 
tone bu r s t  s h a l l  be applied a t  t h e  frequency which w i l l  produce the  
greatest  response. 

5.1.7.3 Test Procedure 

Testing i n  each axis was generally conducted i n  the following sequence: 

(1) Preliminary diagnostic surveys with s inusoidal  test  inputs at 

(2) Sinusoidal sweep t e s t i n g  at the full qual i f ica t ion  test  input 

(3) Random vibrat ion t e s t i n g  progressing f r o m  the  iowest t G  che 

1/2 the prescribed acceptance input level .  

l e v e l  (spacecraft #I only) 

highest of four  input levels dictated by qua l i f ica t ion  test 
input c r i t e r i a  (spacecraft #I only). 

5.1.7.4 T e s t  Configuration 

Vibration end acoustic qua l i f ica t ion  tests were ccnducted on ground 
test spa=.ecrar"t #1 (qual i f icat ion test nodei) 

All assemblies were fully representative of t h e  flight cor,figuration 
spacecraft assembly with t h e  following exceptions: 

(1) Prcpellant masses were simulated with subs t i tu te  i n e r t  f luids .  
( 2 )  A Dynamic Simulation Model (DSM) of the photographic sLbsystem 

was incorporated ctl a l l  -iibratiou test models. 
:ion was used f o r  spacecraft #1 amistic test. 

f o r  selected tests a i d  t e s t  conditions on ly .  

Flight  configura- 

(3) The Lunar Orbiter shroud and thermal barrier were incorporated 

All dynamic tests were conducted with major appendages of  the spacecraft 
i n  stowed position. 



D2-120001-2 

5.1.7.4 (Continued) 

Vibration tests w e r e  conducted with the spacecraft mated t o  the  Agena 
adapter. The input accelerometer was a t  t he  base of t he  Agena adapter, 

5.1.7.5 b e r a t i o n a l  Requirements 

Functional performance of operational components and subsystem elements 
was monitored during the tes t .  

Functicnal discrepancies noted during o r  after tests were documented 
and investigated. 

The resolution o f  a discrepancy vas verified by retest. 

5.1.8 ' Systems Acceptanco Tests 

5.1.8.1 Test Levels and Durations 

Sinusoidal sweep tes t  levels  and durations are shown i n  Figure 5-10 f o r  
t he  longitudinal axis. 

Sinusoidal sweep tes t  levels and durations are shown i n  Figure 5-11 f o r  
the  lateral  axis. , 

Random v.i.bration levels  and durations are shown i n  Figure 5-7 f o r  a l l  
axes . 
5.1.8.2 T e s t  Configiration 

All tests were conducted with the  spacecraft mated t o  an Agena Adapter 
i n s t a l l ed  on the vibration test f ixture .  

All assemblies f o r  t he  syacecraf't acceptance tes t  program were f u l l y  
representative of  fligh2; configuration spacecraft with the following 
exceptions: 

f 

(1) propellant masses were simulated with subs t i t u t e  i n e r t  f lu ids .  

(2 )  a Dynamic Simulation Model (DSM) of the  Fhotographic subsystem 
was incorporated on a l l  vibration tes t  models. 

(3 )  the  Lunar Orbiter shroud and thermal b a r r i e r  were incorporated 
for selected tests and test  conditions only. 

5.1.8.3 Requirements 

P r e l h i n a r y  diagnostic sumcys were required with sinusoidal test inputs 
a t  1/2 the prescribed acceptance input leve ls  followed by sinusoidal 
sweep t e s t i n g  a t  t h e  f'uU acceptance tes t  input level .  

5-7 
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5 . 1.8 . 3 (Coni;’-nued) 

Random vibration tests were required t o  progress from the  lowest t o  the 
highest  of four  input l eve l s  as dictated by the  acceptance l e v e l  c r i t e r i a .  

5 .2 WORATORY TEST FAILWS 

5.2.1. Component Vibration and Acoustic! Test Failures 

Component f a i lu re  im’omation was not doc-mented a t  the  t i m e  of t h i s  
survey . 
5.2.2 Subsystem Vibration an& Acoustic Test Failures 

There were no fwnal  subsystem tests conducted. 

5.2.3 System Development Test Failures 

No information was available.  

5.2.4 System Qualification Test Failures 

A broken weld was discovered during r e ins t a l l a t ion  o f  t he  high-gain 
antenna on the  spacecraft following t h e  qua l i f ica t ion  thermal-vacuum 
test. This defect was not detected during o r  immediately following 
the vibration tes t  phase. Attribution of t h e  broken weld t o  t h e  
vibration test is  therefore t en ta t ive  and subject t o  conjecture. 
+he following summary i s  included f o r  infomation. 

Hawever 

ENVIRONMENT REsoLmoN - 
Vibration High-Gain Design X-ray inspection of t h i s  weld 

Antenna, 
Broken Weld were adequate. An aluminum c o l l a r  

on a l l  antennas showed only two 

was epoxied over weld on t c l l  
f l ight uni t s .  The repa i r  was 
qual i f ied a t  t h e  component and 
system level. 

Two f l i g h t  spacecraft had been delivered when the  broken weld was 
discovered. 
defects. 
disclosed a t  the component test  o r  inspection level., it m a t  be noted 
that qua l i f ica t ion / f l igh t  acceptance test conduct and t h e  associa3ed post- 

Fl ight  acceptance t e s t i n g  did not disclose the  ex is t ing  weld 
Notwithstanding consideration t h a t  t he  defect; should have been 

test inspection functions did not incorporate adequate provisions 
f o r  detection of t h i s  defect.  
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5.2.5 System Acceptance Test Failur2s 

Table 5-2 l ists  t h e  system acceptance test fa i lures .  

5.3 FLIGHT FAILURES 

No f l igh t  fa i lure  o r  anoraaly was severe enough t o  cause mission fa i lure .  
The nunbe? of ident i f ied f l i g h t  h i l u r e s  and anomalies are tabulated belcrw: 

MISSION FAILURES A N W E S  

I 

I1 

III 

10 - 
8 7 

4 15 

IV 5 8 

v 2 4 

Only two out of the s i x t y - t h e e  ?roble& were related t o  the vibration 
envi ronment . These are : 

MISSION 

I 

IV 

5.4 

5.4.1 

PROBLEM 
DESCRIPTION CAUSE - 
Transponder Temperature and,/dn None, not considered 
Tyleme *-.q vibration e f fec ts  a problem. 
Power on the s ignal  
Variation sampler pos i t  ion 

Transpmder Vibration varied Mone, problem did not 
power grcund Rli’ probe warrant design o r  
variation resistance operational change . 
DERIVATION OF TEST LEVELS AND IDENTIFICATION OF TEST FACTORS 

Jkrivation of Levels and Durations 

Lunar Orbiter test c r i t e r i a  was based on flight response data measured 
a t  the base of the F2acecraf’t/booster adapter i n  previous missions 
employing the same (Atlas/Agena) beoster configuration. 
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5.4.1 (Continued) 

The test c r i t e r i a  w a s  also an "evolution" resulting f r o m  discussions 
and negotiations between NASA/Imgley and Being. Negotiations w e r e  
conducted from the time of i n i t i a l  spc i f i c&ion  of test c r i te r ia ,  thrc-@ 
development, the early part of spacecraft qud i f i ca t ion  and acceptance 
testing. 

Wssioa V flight measuremerits of ranilam vibration response t o  l i f t - o f f  
and transonic ecoustic environments are sham in F'ig~res 5-12 and 5-13. 
!Be prescfibed test levels  defining inputs ta t h e  base of the spacecraft 
fo r  random vibration acceptance +asts are also shown. 
of f.E@.t and test data shwn i n  Figures 5-12 and 5-13 for  Sgacecraft 
#3 are'representative of co rnspnd ing  data f o r  other f l i g h t  spacecraft. 
!l!hese c q a r i s o n s  geneAUy revea l  that flight nxqmnses w e r e  sutstant-  
i a l l y  lower ia l eve l  than the responses indvced by the acceptance test 
en-rironments 

!he ccmparisons 

TLe r s t io s  of f l i gh t  levels  t o  ecceptance test levels a t  corresponding 
locat iors  f o r  the  Mission V spacecraft are shown f o r  comparison i n  
F i g G e S  5-14 and 5-15. 

5.6 coFlCLUSIONS AND HECM@XDMXONS BY B0EING-IUNA.R ORBITER 

5.6.1 Conclusions 

Successful performance of the Lunar Orbiter spacecraft i n  mission 
applications is Cttributed t o  the stringent -3plementation of t e s t ,  
=view, and coritrol functions comprising a comprehensive overal l  program 
t o  assure spacecraf% re l iab i l i ty .  

Specific provisions of  dynauiic test-, representing a s ingle  f'unction 
cf the overal l  program, cannot be sham t o  be essent ia l  t o  subsequent 
mission success, since f l i gh t  fa i lures  a t t r ibutable  t o  inadequate dynamic 
t es t ing  did not exist. 

There is ng sllggestion i n  the fllght history t h a t  any probleix arose 
fram the lainch and boost s-ibro/acoustic environment nor does the flight 
history sug3est taat the  spacecraft were overtested. 

The vibration test his tory also discloses that there  w a s  no s ignif icant  
fa i lure  that  occurred o r  w a s  detected during or  immed2atel.y after the 
vibmtio.1 test. 
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5.6.1 (Continued) 

One is forced t o  the conclusions tha t  the spacecraft acceptance vibration 
tests had l i t t l e  significance t o  the success of %he Zlunar Orbiter except 
as they afforded an additional s tep i n  the inspection procedure. 

The Lunar Orbiter, during flight, did not experience steady-state 
sinusoidal vibrations. Therefore, only the random tests simulated the 
enviroment . 
The modifications of test levels during m a r  Orbiter program were 
downward. Measured f l i gh t  vibrations were lower than test levels; there- 
fore, the test c r i t e r i a  must be considered more than adequate as far bs 
levels are concerned. 

5.6.2 - Recomendations f o r  Future Programs 

Tes t  plans and testing t ech iqyes  should be adapted so that high l e v e l  
test responses a m  similar t o  those which are expected i n  flight. That 
is, mnilom vibration tests should be used for  random environments, pulse- 
like testing f o r  pulse-like events, and steady-state testing only vhen 
sinusoidal vibrations are expected t o  occur on the vehicle. 

More at tent ion should a l so  be paid t o  the comparison cf the test results 
w i t h  theoret ical  predictions. Comparisons of prediction and experiment 
can then be made during the tests, and detection of anomalous responses 
could a id  i n  f a i lu re  detection. 

5-12 
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SECTION 6 

GEMINI 

Spacecraft Developnent and Manufacturer - McDonnell-Douglas, St .  Louis, Mo. 

Project Management - NASA Manned Spacecraft Center 

Launch Vehicle - Modified T i t a n  SI, Two Stages 

Spacecraft Launch Date Remarks 

Gemini I 
Gemini - I1 
Gemini I11 
G e ~ n i  I V  
Gemini V 
Gemini V I  
Gemini VI1 
Gemini VI11 
Gemini I X  
Gemini X 
Gemini XI 
Gemini XI1 

4/8/64 
1/19/65 
3/23/65 
6/3/65 
8/21/65 
12/15/6 5 
12/4/65 
2/16/66 
6/3/66 
7/18/66 
9/12/66 
u/n/66 

Unmanned 
Unmanned 
Manned 
Manned 
Manned 
Maled 
Manned 
Manned 
Manned 
Manned 
Manned 
Manned 

Gemini ghysical character is t ics  (see Figure 6-1) . 
Weight - 7000 lbs. 
Diameter - 10 f t .  
Length - 19 f t .  

The infomation presented i n  t h i s  section was obtained from the data 
shown i n  Appendix B. 

6.1 LABORATORY TEST PROGRAM 

6.1.1 T e s t  Program Rationale 

6.1.1.1 Objectives 

Provide a method t o  uncover design o r  worknanship deficiencies tha t  
could have been sources of problems with equipment ' i n  operational vehicles . 
6.1.1 2 Requirements 

The test programs had t o  be f inancial ly  compatible with the  overal l  
program and provide sat isfactory results a t  reasonable cost. 

Cost effectiveness approach remlted i n  carry-over of test procedures 
from Mercuq, qualification by similari ty,  elimination of tes t ing  f o r  
non-sensitive items and omission of formal development testing. 
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6.1.i.3 Tests Conducted 

Multiple l e v e l  t e s t ing  was used f o r  qual i f icat ion and acceptance t o  
provide the most r e a l i s t i c  tests a t  the earliest possible tines. A 
list of the  t e s t s  conducted is given below. 

Development Qualification Acceptance 

Component None* Vj.3mtion and Acomtic Vibration 
Subsystem None 'Jib r e t  i on None 
System None None Vibration 

*ome development tests were condacted by Mchnnell  subcontractors but 
are not reported here. 

6.1.1.4 Vibration and Acoustic Test Program Outline 

The laboratory vibrat ion and acoustic test program relat ionships  are 
shown i n  Figure 6-2. 

No feedback loops are shown i n  Figure 6-2. 
condition we2.e detected during an acceptance vibrat ion test, changes 
wodd  be made in manufacturing and/or desi@ t o  correct  the  condition. 

But i f  a f a i l u r e  o r  undesirable 

6.1.2 Component Vibration/Acoustic Pests 

Gemini component tests d r e w  heavily on Mercury experience. 
were sisilar f o r  s ine  vibrat ion and acoustic tests with some chan@;es 
i n  sine t e s t  levels  and reduction of resonance dwell times. 
Major difference was the incorporation of random vibrat ion tests f o r  
Gemini. 

Procedures 

Components which w e r e  complex w e r e  v ibrat ion tested t o  on ly  the random 
vLbration requirements . 
Simple comgonents w e r e  subjected t o  only sirmsoidal vibration. 

Tests were not conducted on Gemini hardware i f  the components w e r e  
qual i f ied t o  equivalent leve ls  f o r  some other program. 

Many designs were qualificatior,  tested before the  acceptance tests were 
inco rp ra t ed  and were not subzected t o  acceptance tests. 
a failure i n  a qual i f icat ion test required a review of the acceptance 
test h i s t o r y  of the tes t  article. 

Therefore, 

Tests were eliminated on item considered insensi t ive t o  the environment. 

6-2 
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6 .1. 3 Component Development Tes-, 

There w w  no requirement f o r  component development testing. 
development tests were conducted by McDonnell subcontractors but are  
not reported here. 

Some 

6.1.4 Component Qual i f icat ion Tests 

6.1.4.1 Objectives 

To provide a method t o  uncover design o r  workmanship def ic iencies  
that  could have been sources of 2roblems with equipment i n  operational 
vehicles . 
6.1.4.2 T e s t  Levels and Durations 

The range of levels  and durat iots  f o r  sinusoidal vibrat ion qual i f icat ion 
tests are shown i n  Figure 6-3. 
fo r  launch, o r b i t  and re-entry conditions, see paragraph 6.4.1. 

Sinusoidal leve ls  varied t o  account 

The range of levels  and durations f o r  random vibrat ion qual i f icat ion 
tests are shown i n  Figure 6-4. Random vibrat ion varied t o  account 
f o r  launch, o r b i t  and re-entry conditons, see paragraph 6.4.1. 

The range of levels  and durations f o r  acoustic qual i f icat ion tests %re 
shown i n  Figure 6-5. 

6.1.4.3 Components Tested 

A summary of cmponent qual i f icat ion tests is  shown i n  Table 6-1. 

6 . 1 . 4 . 4 Test; Configuration 

Components were generally hardmounted using fU@n fasteners  f o r  vibration 
t e a t s .  I f  the item was vibrat ion isolated,  i so la tors  were included. 

Components were suspended 9s soft ly  as pract icable  f o r  acoustic tests. 

6.1.4.5 Operational Requirements 

Sat isfactory component operation wag required j e f o r e  and after the tests. 

Gperation was required during the  test  orsly i f  &e component was required 
t o  function during the  corresponding fll-tght phase. 

A component m i g h t  be tested non-operating t o  a survival  environment and 
then re-tested o2erating a t  a lesser environment t o  demonstrate f inc t iona l  
capabili ty.  

6-3 
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6.1.5 Component Acceptance Tests 

6.1.6.1 General 

Acceptance tests were generally in i t ia ted  by vendors of electronic devices. 
Environments b o x  l i t t l e  re la t ion t o  qualification o r  expected environ- 
ments but most., acceptance environments were revised during program. 
Revised leve ls  and durations were sclected so  tha t  the test would be 
s ignif icant ly  less severe than the  qualificction requirement. 
exception was %he spacecraft digital. computer. 
t es t ing  a t  qualification leve ls -  
the  elimination of re-use capabili ty of the flight equipment. 

One 
The vendor recommended 

This was done, but it resulted in 

Decision not t o  acceptmce test based 011 re lat ion of cost t o  expected 
results and/or 'because thc  l i f e  of the  i t e m  might be severely reduced 
by the test. 

6.1.5.2 Test Levels and Durations 

The levels and durations used f o r  the  tests were selected so that i n  all 
cases the test would be s ignif icant ly  less severe than the qualification 
requirement f G r  the eo' ponent . 
The extreme levels and the durations f o r  sinusoidal vibration tests are 
shcwn i n  Figure 6-6. 

The extreme levels and the dv-rations fo r  random vibration tests are 
shown i n  Figure 6-7* 

No acoustic acceptance tests were conducted. 

6.1.5.3 Components Tested 

A summary of component acceptance tests is shown i n  Table 6-2. 

6.1.5.4 Test Configuration 

Components were hardmounted f o r  acceptance vibration. 

6.1.5.5 Operationd Requirements 

Operation was usually required during the acceptance tes ta .  

If the cowdonent was not repired t o  operate during the period of severe 
flight vilsration, then no operation was required during acceptance tests. 

6-5 
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TABLE 5-11. GEMINI: COMPONENT VIBRATION ACCEPTANCl TEST SUMMARY 

COMPONENT 
TYPE 

E lec t r i ca l  

Elect  mni 'J 

Mechanical 

Elect  ro  - 
mechanical 

S t r u C t E r a l  

Imt nunenta- 

Other 
t i o n  

TOTAL NO. 
OF COMPONEp,TS 

108 

43 

126 

33 

66 

97 

21 

TOTAL NO, TE3TED 
VIBWION VIBRATION 

SINE RANDOM 

3 

2 

2 

16 

33 

0 

1 20 

0 

89 

0 

1 

0 

0 

1194 
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6.1.6 Subsystem Vib-ration Tests 

Only vibration qualificaticn tests were conducted on Gemini su3systems. 

6.1.6.1 Objective 

Denonstrate the c q a b i l i t ? l  of the  components t o  withstand the environment 
as a subsystem. 

Assure satisfactory instaUation of the compments . 
6.1.6.2 Test Levels and %rations 

Test levels and durations are shown i n  Figure 6-8. 

6.1.6.3 Subsystms Tested 

A single suusystem of each t y p e  w a s  tested. 

A s m r y  cf the subsystems tests is shown i n  Table 6-3. 

6.1.6.4 Tes t  Configurations 

Test  configurations are described in  Table 6-3. 

Transducers t o  control the test  levels were as near the  place of 
excitation as pcssible. 

6.1.6.5 Ogerational riequirements 

The tests simulated launcb conditions and therefore only the fie1 cel l  
module w a s  f 'ully operational. 

Satisfactcjly o p r a t i o n  Defore and after the tests w e r e  demonstrated. 

6.1.7 Systerr, Vibration Tests 

6.1.7.1 General 

O n l y  acceptance vibration t e s t a  -.en conducted at the system level on 
Gerrini. 
t e s t s  after spacecraft 3 based on estimated cost effectiveness. 
a +.est on spacecraft 4 might have required l / 3  less effort, cost was 
deemed excessive j - i  view of expected returns. 

The first 3 f l i gh t  spacecrafl; H e r e  tested. Decision t o  eliminate 
Although 

System acceptance riets most effectivp on ea-ly vehicles before learning 
curve impruvxent takes place. 

6-7 



D2-120001-2 

TABU 6-111. GZXLNI SUBSYS"4 V?BRATION Q U m F I C H T I O N  TEST SUMMAXY 

RLuIInM 
VIBRATION 

SINE 
VIBRATION 

SUBSYSTEM 
r n C R I r n O N  

Fuel c e l l  module (Note 1) 

Orbit a t t i t u d e  maneuvering 
system M u l e  (14 day) 
(Nate 2) 

O r b i t  a t t i t u d e  maneuvering 
system module (2 day) 
(Note 3) 

Pe-entrg control system 
mDdule (Note 4) 

Rendezvous evaluation pod 
(Note 5 )  

Notes : 

1. 

2. 

3. 

4. 

5 .  

DURIITION LENEL IIWWJ!ION 

8 min. Low l e v e l  surveys 
each of 
3 axes 

8 min. Low l e v e l  surveys 
each of 
2 axes 

8 min. Low l e v e l  surveys 

15 min. Low l e v e l  surveys 
each of 
3 axes 

1 min. Low l e v e l  surveys 
each of 
3 aces 

The fuel c e l l  module consisted of two f u e l  c e l l  sections, a hydrogen 
tank, an oxygen tank, pressure regulators, valves, and associated 
tubing and w i r i n g  installed i n  a production s t ruc ture  adapte;.. 

The lk-day orbit a t t i t ude  maneuverring system module (OAMS) consisted 
of a pressurant tank, a f u e l  tank, an oxidizer ta,nk, regulators, 
vaives, and tubing a d  wiring in s t a l l ed  on production structure.  

The 2-day OAMS w a s  ident ica l  t o  the 14-day O&B precedirg except 
that  it included en xid i t iona l  pressurant tank, fuel tank and oxidizer 
tank. 

The re-entry control systen (RE) test  included production st-ructure 
with a press--rrant tank, a :bel tank, an oxidizer tank, regulators, 
vd,ves, thrust  chsmber assc-klies, and tcbing and w i r i n g .  Flight 
vehizles included a second redundant system but it was not included 
i r  tke t e s t ,  

The rai?ezvous evduat ion  p~ld (REP) w a s  a ~d radar transponder 
package to which W&S added 2 s p i r a l  and 1 dipole antennas, 2 flashing 
l i g h t s  and 2 ba t t e r i e s  t o  supply p e r .  A sunshade and the  deployment 
me&anisns for the  sunshade and for the REF we= included i n  the  test. 



6.1.7.2 Objectives 

System acceptance t e s t s  were conducted t o  demonstrate sat isfactory 
operation of the Tlight systems during a simulated launch. 

6.1.7.3 Tes t  Levels and Durations 

Test  levels  and durations are Shawn i n  Figure 6-9. 

X summary of the systems leve l  tests is shown i n  Table 6-4. 

6.1.7.5 Tes t  Configurations 

Production hardware was used f o r  a l l  systems except f o r  pyrotechnic 
elements . 
Tests levels  were controlled by an accelerometer mounted on the f ixture  
txi near the attachment of the vehicle as practicable. 

6.1.7.6 Operational Requireaents 

A l l  systems normally operating during the launch phase w e r e  gperational 
and monitored during the tests. 

Satisfactory system operation w a s  established bef0l.e and after each 
test phase. 

6.2 LABOEWOFE TESL' FAILURES 

The fsil?rres reported i n  t h i s  section w e r e  taken from a review of 
Gemini nalFunction summa- reports and test reports of Gemini eqGipent. 
i n  some cases the l eve l  at failure was determined by reviewing the  
fai lure  report and the equipment test mquirements and the probable 
leve l  inserted. 

6.2.1 Component Vibration/Acoustic T e s t  Failures 

A summary of faihres during component qualification tests is presented 
i n  Table 6-5 an6 for  component acceptance tests in Table 6-6. Detailed 
fa i lure  information is  presented i n  Appendix 

Failures cre not included where the fault was either t e s t  pmcedure o r  
test e m r  since these do not have any bearing on the flight capabili ty 
Gf the equipment. 
t ions t o  indicate whether the fa i lure  was detected during o r  mer the 
tes t  . 

me l e t t e r  D o r  A is included on the appendix tabula- 



Spacecraft 1 8.4 Q 3 min. in  
long. axis 

Spacecraf't 2 

Spacecraft 3 

6.2 g lmin .  each 
of 2 axes 
(lung. and 
late&) 

5.2 g 1 a;in. lorig. 
axis, 1.5 
min. lateral 
8x1s 

SINE 
VIBRATIOII 

Low love1 surveys 
plus 

+ 06 g at u cps f o r  
20 sec. (poc~ swdat ion)  
- 
Low level  surveys 

plus 
+ .3 g-at 17 cps for 
10 sec. (POGO simulation) 
- 

Low level surveys 
plus 

- + .3 g at 17 cps for 
10 sec. (POGO simulation) 
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6.2.2 Subsystem Vibration Test Failures 

No tab le  is  i.ccluded since the  only f a i l u r e  reported was a s t r u c t u r a l  
problem diiring the 14 day o r b i t a l  a l t i t ude  maneuvering system (CI”-IG) 
rnoCiule qual i f icat ion tests. The test was random vibrat ion a t  7.0 g’s 
rms a d  a fadt i n  design w a s  detected when Y crack occurred a t  a weld 
on the bracket holding the  pressumnt tanks. 
by a beef-up which w a s  also incorporated i n  the  2 day OAMS. 
was not detected during component t e e t h g  s ince it w a s  st ructure  trkich 
supported several coniponents and so w a s  first tested at the subsystem 
level .  

The s t ruc ture  was modified 
The f a i l u r e  

6.2.3 System Vibration T e s t  Failures 

Table 6-7 presents a surnmary of t h e  f a i lu re s  reported f o r  t he  system 
acceptance vibrat ion tests performed on Gemini. 
t i o n  is presentea i n  Appendix Bo 

Detailed f a i l u r e  in foma-  

6.3 

The in-f l ight  problems wkich could l e  connected with vibrations o r  
acoustics are l isted i n  Apsendix Bo 
chances that they are associated with vibrat ion i s  very sW., ye t  the 
poss ib i l i ty  remains and so  they are indluded. For items possibly more 
closely associated w i t h  v ibrat ion a note is included t o  indicate  where it 
w a s  thought t h a t  the failure might have only been displayed due t o  
in f l igh t  vibr&ion. 

For some of these fa i lu re s  the 

One thing not included i n  the tables, which a l s o  cannot be assessed, is 
the fac t  tnat a f a i l u r e  might have been caused by some event w h i &  might 
occur after the  vibrat ion tests an4 therefore  could not be elimifiated by - 
the gmund tests. This, of couWaL is a major problem since a l l  vehicles 
w i l l  be moved an& worked on mer ~ l l  tests are compl&ed. 

The t o t a l  number of spacecrsf i  problems detected immediately p r i o r  t o  
flight, during flight, o r  dvL*ing pvst-fl ight tests w a s  228. 
the flight problems can be classified as f a i lu re s  but t he  d is t inc t ion  is 
not clc?+.,r-out, 
c lass i f ied  as f’ailcres is 127. 

Mot all of 

The McDonneU. er;timate of the number of those properly 

6.4 IXFUVATION OF TEST LEXELS .’wD IDEIITIFICATION OF %ST FACTOR3 

6.4.1 Ccmponent Test Levels and h i - t i ons  

Test levels  were derived f o r  three f l i g h t  corditions, launch, o r b i t  
and re-entry, see F igwe 6-9 ard 6-20. 

6-13 
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TABU 6-vr1. SYSTDE VIBRATION ACCEPTANCE WST FAILlJFiE S W m  

FA3LURE CATEGOKY 

Design 1 

Part fa i lure  3 

Wo=.kmanship 

Fa3 ricat ion  

H a r d l i r i g  

Unhnown 

1 

4 

1 

6-14 
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6.4.1.2 h d o m  Vibration Levels - Launch Environment 

The or iginal  random spectrum f o r  launch was based on a s t a t i s t i c a l  a n a l p i s  
of Mercury measured data (20-1200 hz)  considering the vibration t o  be 
l inear ly  correlated with dynamic pressure. 

The mean plus 2S(95$  confidence leve l )  was the or iginal  qualification 
requirements . (See Figure 6-11) 

The shape of the random srectrum was changed based on data from the  first 
Gemini f l ight (GT-I-) . 
Gemini and Mercury (see Tigure 6-12). 

The change was bbsed on comparable data between 

B l a s t  shield mea6urements from GT-1 indicated lower levels than  did the 
GT-1 re-entry vehicle measurements result ing i n  the creation of a separate 
spectrum f o r  t h i s  region (see Figure 6-13). 

I n  addition, special  spectra were derived f o r  specif ic  items during the 
Program. 

6.4.1.3 Random ViSration Levels - Orbit Environment 

Orbit v i t ra t ion  wa& estimated as simply  low l eve l  band-limited white 
noise since there w e r e  no significant sources of  environmental vibration 
on the vehicle, see Figure 6-10. 

6.4.1.& Random Vibration Levels - Re-entry Enviro-ment 

Re-entry random vibration levels were originally estimated from the  
relationship of g's versus dynamic pressure derived f o r  launch, see 
Figure 6-10. 

Although GT-1 provided 20 re-entry data the random vibration spectrum 
for  re-entry was modified t o  be ident ical  with the frequency distribiitfon 
of the launch curve. 

6.4.1.5 Random Vibration Durations 

Qua2.ification test  durations encompassed two f l ight  capability. 

Qualification tes t  duration normally 15 minutes per  axis t o  account f o r  
the following: 

5 minutes f o r  vibration tests on flight hardware. 

5 mimtes ( 3  minutes f o r  launch and 2 minutes f o r  re-eatry) f o r  
each of 2 flights. 

Items which did not re-enter o r  were not reused were tested t o  approp- 
riateljr shorter times. 

6-15 
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6.4.1.5 (Continued) 

Acceptance tests durations were conducted f o r  lminu te  per  axis. 

Mercury f l i g h t  time h is tor ies  used f o r  derivation of Gemini durations 
are shown i n  Figure 6-14. 

6.4.1.6 Sinusoidal Vibration Levels 

The sinusoidal qualification levels used f o r  t he  Mercury spacecraft a t  
launch were used f o r  Gemini v i th  a recluction incorporated i n  the high 
frequency range t o  account f o r  lower dynamic pressure levels. 

0rbi.t and re-entry sinusoidal levels  were estimated t o  be lower than 
l a u c h  consistent with the randcm spectra, see Figure 6-10. 

6.4.1.7 Sinusoidal Vibrstion Durations 

Sinusoidal qualification t e s t  durations included two 15 :;icute sinusoidal 
sweeps per  axis and 10 minute dwells a t  significant resonances. 
h r a t i o n s  were reduced f o r  i C , a s  which did not re-enter o r  were not 
reused. 

Sinusoidal acceptrurce tests, consisting of sweep tests only, were 
conducted f o r  5 minutes per axis. 

6.4.1.5 Acoustic Levels and Durations 

Acoustic spectra were based Oil  Mercury in-fl ight measuEment, considering 
transmission losses due t o  structure, see Figme 6-15. 

Transmission losses w e r e  estimated P-S io db f o r  the adapter area, 20 db . 
f o r  the equipment bay areas and 30 db f o r  inside the cabin, see Figure 
6-16 . 
Acoustic noise qualification test duratior-s w e r e  3.3 minutes. 
f a c i l i t y  pxvided a progressive wave, reorientation of the test 
a r t i c l e  was required a t  10 minute intervals. 
6re shown i n  Figure 6-17. 

If the 

Mercury time h is tor ies  

6.4.2 Sources of the Data 

6.4.2.1 Vibration Data 

Inf l igh t  vibration meaaurcments frm three Kercu-y vehicles, MA-2, 
MA-3 and EIA-4 were used t o  establish Gemini test  spectra. 

The data used were taken from radial accelerometzrs located on a 
2r-v s t ruc tura l  riw, see i?igures 6-18 and 6-1-9. 
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6 . 4 . 2.1 ( Contiwed) 

The sinusoidal test procedures of the  Mercury qualif  icatiori requirements 
were a source of data. 

Inf l igh t  data from t h e  Gemini GT-lwere used t o  revise qua l i f ica t ion  
requirements (only  the  measurementa showing t h e  highest l eve l s  were used 
i n  the derivations).  

6.4.2.2 Acoustic Data 

Mercury vehicle acoust5c noise data were used t c  establish Gemini 
requirements. 
inside the cabin cin MA-2 and MA-4. 

These data were measured under a shingle on MA-1 and 

6.4.3 Ident i f ica t ion  of Test Factors 

6.4.3.1 Random Vibration Levels 

The r a t i o  of power spec t ra l  dens i t ies  of t he  qua l i f ica t ion  tests t o  the  
corresponding acceptance test. was 2 t o  1. 

This r a t i c  provided qual i f icat ion tests at a level i n  excess of the 
mean plus 2dand  acceptance tes t  levels' near t h e  m e a :  plus la. 

Sibsequent t o  GT-1 flight the acceptance test procedures of t h e  vendors 
were standardized. 
the acceptance power spec t ra l  density was set  a t  1/2 of qua l i f ica t ion  
level. 

For items t h a t  had been qual i f ied iil random vibratLon 

This results i n  the rms l e v e l  being 0.7 of qualificaticm level. 

6.4.3.2 Random Vibration Duration 

The test  durations f o r  qual i f icat ion included a 5 minute t e s t  period 
intended t o  demonstrate the cspabi l i ty  of the design t o  withstand expected 
fl ight vibrat ion plus ground test vibrations, including re-tests i f  
necessary. 
one-to-one f o r  the  time period. 

The time re l a t ion  is not simple since the levels are not 

6.4.3.3 Sinusoidal Levels and Durations 

'ople re la t ion  exists f o r  s ine  tests since s ine  q u d i f i c a t i o n  
IS -1s were a carry over f r o m  Mercury. 

Sine accep taxe  l eve l s  were rwie less than qual i f icat ion l eve l s  by 
one more of the following tecirniques: 

(1 ) 
( 2 )  Fever sweeps, 
(2) Faster  sweeps, 
( L j  ore a x i s  test. 

Eliminating resonant dwel' s, 
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6.5 COMPARISON OF TEST IlFvELs AND FLIGH" W A  

6.5.1 Flight Vibration Data 

Grll-1 and (3T-2 i n a t m e n t a t i o n  locations are shown i n  Figures 6-18 and 
6-19. 

GT-1 and GT-2 vikration time his tor ies  are shown i n  Figure 6-20 an% 
comparisons are mad? with Mercury data and laboratory test  &nations. 

Comparison p l o t s  of GT-1 and. GT-2 re-entry vehicle vibration measurements 
aurin:, launch and test requirements are shown i n  Figure 6-21. 

6.5.2 F l i g k  Acoustic Data 

GT-1 s c u d  pressure leve l  time history is compared with laboratory test 
duration i n  Figure 6-22, 

GT-1 acoustic spzctnun is compared with te8t requirements i n  Figure 6-23. 

6 . 6.1 Conclusions 

The significance of the vibratir 
during the Gemini program should be evaluated i n  these ways: 
problems which they avoided, the confidence which they provided and 
the cost compared +o their  value. 

and &coustic tests which were performed 
The f l i g h t  

The zibration tests of components and sbbsystems resulted i n  mqy 
failures.  
had they not been corrected, the procedures f o r  these tests w s r e  
i*ealist.ic s o  tha t  many of' these fa i lures  could have occurred i n  f l i @ t .  
The costs of these tests are high, but a gresc deal of confidence ;s 
place(=. i n  equipment when a vibration test is successf'uUy completed. 

Although many of these might not have occurred i n  f i i g h t  even 

The Gemini system tests re:realed some problem amas, but not rr~ryf i n  
comparison t o  tes t ing  at other levels.  
fully effect2ve i n  that  vibration levels were not transmitted throughmt 
the vehicle. Tnerefore, even though some subsystems successfil ly 
completed tfie test only a liuited amount of confidence vould result. 

Th? system level test m - 6  not 

6.6.2 RecommencIetions for Future Programs 

If the en~ronruent is considered t o  be random i n  amplitude, and the 
vehicle is of similar s i ze  and complexity t o  Gemini, then all t c s t s  
would be con.iucted with a random forcing function. 

!Jl test times shoull! be comparable t o  the ewected flight durations, 
but i i s c a l i i ~ ' '  test times should be at .)ideci i f  at  dl yosf.ible. 

The use of qua1ificatio;i .md at-ceptance vibration tests f o r  components 
should be incorporated. 

6-18 



6.6.2 (Continued) 

DeveZopment tests t o  qualification levels can be eliminated with very 
l i t t l e  effect  on the outcome of qualification tests. 
development test costs sLould o f f s e t  the additional q ia l i f ica t ion  
testing tha t  would become necessary. 

The savings of 

Acoustic noise tests should be eliminated from all non-sensitive equip- 
rnent, especially i f  the level is 135 db o r  less. 

Perhaps the b i g c s t  change that w e  would recommend for futiire programs 
compzced t o  the Gemini procedures is the thornugh evaluatior?, of acoustic 
excitation f o r  vehicle acceptance and qualification tests. The use of 
acoustic noise for these tests would provide a step closer  toward simula- 
t i on  of the  expected dynanic forcing function, as compared t o  vibration 
test*. 
tests, but it would be serving t o  develop the test technicpies f o r  the  
vehicle rather than t o  develop the vehicle o r  ,its conponenix. 

Sjrstem acoustic tests might require the  use of development 

!The need f o r  improved t e w q u e s  w a s  demonstrated f o r  Gemini when it 
uas fmnd t h a t  the test  leve?s were not transmitted sa t i s fac tor i ly  
throughout the structure. Regions close t o  -&e shaker attach points 
were subjected t o  the desired levels, but elsewhere the  levels w e r e  
down considerably. 
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SECTION 7 

SURVEYOR 

7.0 GENEFULL I N F O E O N  - SURVEYOR SPACECRAFT 

Project Manqement - JPL (Prima) - Hughes (Secondary) 

Launch Vehicle - Atlas/Centaur 

Spacecraft 

SD-1 
SD-2 
sc-1 
s2-2 
sc-3 
sc-4 
sc-5 
SC-6 
sc-7 

Surveyor physical character is t ics  (configuration 
Weig;ht - 220 lbs ,  
Jiameter - 14 ft, (lanckg configizr&ion) 
Le&h - 10 f't. 

The infomation presented i n  t h i s  section wzs obtained from Reference 8. 
7.1 II&3omRY P W S M  

7.1.1 T e s t  Program Rationale 

Subsystems used as qualification test harditare w e r e  c lass i f ied  4T upon 
test  completian, !lkis prohibited t h e i r  use as f l i g h t  equipment. No 
other infannation available on Surveycr test rstionale,  

7.1.2 Component Vibration and Acoustic Tes t s  

Surveyor documentation uses the tern 'control item' $0 describe the 
leve l  o f  tests. 
covers both componznts and subsystems ZIS defined in this survey. Since 
no dis t inct ion was made between components and subsystems all 'contt.01 
item' tests are discussed i n  the  subsystem section f o r  convenience. 

Esaussions with JPL persmnel indicate this designation 

7.1.3 Subsystem Vibration and Acoustic Tests 

Environmental t es t ing  at the  subsystem leve l  w a s  performed t o  qualify 
the subsysten an& t o  es tabl ish t h e i r  flight acceptabili ty before the 
subsystems were integrated in to  a spacecraft system. 
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7.1.3 (Zontinued) 

?his mininized the impact of subsystem fa i lu re s  o r  deficiencies on the 
s p c e c r a f t  system integrity,  program schedules and cost control. 

Fach subsystem to be qualificaticri tested wgis f.'_rst acceptance t s s t ed  t@ 
&ahlish its worklcanship and compcne&s as being adequate. 

All subsystems t o  be flam o r  used as f l i g h t  spar2s w % r e  acceptance 
tes ted  Lefore being c lass i f ied  as flight acceptabie. 

Acceptace t2si levels f o r  sme subsystems w e r e  g E a t e r  than the 
qualizication levels. 
antenna 81-d shock absorbers w e r e  examples of "negative" qualification/ 
wceptance margir:s. 

The main battery, main battery switch, planar army 
4 

7*1.4 - Subsyster Develcpment Tests 

No ir_fomation avaiiable . 
7.1.5 Suixystem Qualif-'-cation Tests 

7.1.5.1 Objectives 

QualiQ the subsystem design as f'unctionallv and!or s t ruc tura l ly  
adquate .  
environmental conditions. 

Meet the  specificatiori requirements while -sed t o  s T c i f i c  

7.1.5.2 Test Levels and Lrilrations 

Most subsystem sine sweep vibration tests covered t h s  frequency range 
of 40 t o  1500 hz. 
levels is shown in Figure 7-2. 

Ia each of three ortkogonal axes an envelope of s i x  
Ihe figue enveloped 29 spectra. 

Random v-ibraticil w a s  superimposed on the siuusoidal input between 100- 
l5OO hz at a constant PSD l cve l  in esch axis of t c s t .  
vibraticn levels  varied from 2.0 t o  6.75 grms. 

The random 

Total time duration i n  ea2h axis was 12 minutes f o r  all subsystems with 
a feu exceptions. 
minutes. Sweep rates varied from 1.1 act/- t o  4.1 oct/'min. 

Sweep durations w e r e  6 minutes, j minutes or  2 

Acoustic tes t ing  was not performed. 

7.1.5.3 Subsystems Tested 

Vibration qualification tests w e r e  peA-fomed an 55 subsystems out of a 
t o t s l  of approximtely 70 subsystems . 
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7.1.5.4 Operational Requirements 

subsystem required t o  operate during the  descent phase of the mission 
w e r e  given a special  functional vi3ration test. During t h i s  vibration 
testing (random and sine)  the uni t s  w e r e  required t o  f’unction i n  the 
opcrational mode they woulJ be ir, during the descent phase of t he  
Plight mission. 

7.1.6 Subsystem Acceptance T e s t s  

7.1.6.1 Objectives 

Verify in tegr i ty  of workmanship and a b i l i t y  of the uni ts  t o  function 
as required in the expected f l i g h t  environments. 

Establish workmanship and components on qualif icatioii test subsystems 
as being adequate. 

7.1.6.2 T e s t  Levels and Durations 

Sinusoidal vibration tes t ing  of all flight -units i n  each of three 
orthogonal axes. Figure 7-3 shows the envelope cf test levels. 

Total tiroe duration per  axis of sinusoidal vibration was 6 minutes. 

Gene-, s ine sweep rate w a s  about 2.6 oct/min. 

Fkmdoin vibration testing was performed ori +hree subsystems (see Figure 7-4). 

Random test durations w e r e  a t  least two miniites. 

7.1.6.3 Subsystems Tested 

All units  t o  be f lown o r  used as f l i gh t  spares w e r e  acceptance tested. 

7.1.7 Systems Development Tests 

Early i n  the Surveyor program, the  need f o r  special  s t ruc tura l  test 
vehicles was established which resulted i n  the  S-1, S-2, S-2A and 
S-9 series of vehicles. 

These vehicles e-rolved bath i n  response t o  need f o r  test vehicles an6 
t o  changes i n  design configuration. 

These vehicles w e r e  comprised o f  representative s t ruc tura l  members and 
had ballast, dummy o r  qualification subsystems instal led which 
simulated c.g., mass, i ne r t i a  ani!. f’unction. 
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7.1.7.2 Test Configurations 

Four test vehicles w e r e  used f o r  vibration development tests: 

The 3-1 s t ruc tura l  test vehicle represented an early Surveyor 
configuration and w a s  used f o r  i n i t i a l  sinusoidal vibration testing. 

The S-2 struc-Lul-al test vehicle represented the A - 2 l  spacecraft 
configuration and was used f o r  sinusoidal vibration testing. 

The S-2A s t ruc tura l  test vehicle was a modification o f  the S-2 
vehicle i n  which spacecraft design changes were incorporated and 
coqonent simulation improved. 
bcth sinusoidal and random vibration. 

This vehicle w a s  subjected t o  

The i n i t i a l  S-9 s t r u c t v r d  test vehicle configuration represented 
the final A-21 configuration and was subjected t o  a torsional 
vibration test. 
A - a  corifiguration, it was subjected t o  both sine and random 
vibration levels. 

After the S-9 configuration w a s  upgraded t o  the 

7.1.7.3 Objectives 

S-1 vibration tests vere performed t o  simulate the specification 
vibration input and t o  show f l e x i b i l i t y  e f fec ts  of the adaptor. 

S-2 vibration tests w e r e  performed t o  qualify the Surveyor space frame 
and subsystem integrating structures f c r  dynamic loads experienced during 
launch . 
S-2A vibration tests were perfcrmed t o  ver i fy  s t ruc tura l  in tegr i ty  
5f the space frame w I- iLevelopment test  levels.  

S-9 vibration t e s t a  (A-21 configuration) were intended to: 

kmonstrate t h a t  a vehicle with an A-21 flight space frame and sub- 
structure and an engineering payload could withstand the  specified 
tcrs ional  environment . 
Meas-lre the  dynamic responses of  the  t h e m  compartcnentr and 
anteluia/aolar panel positioner f o r  comparison t o  design loads . 

S-9 vibration tests (.1-21E configura+ -on) were performed to:  

Verify tne functional operation of the antenna/solar panel positioner 
after exposure t o  simulated launch vibrations; 

Verif'y the struct!lral integri ty  of SC-5 type hardware. 

krnor i s t ra te  adequate dynamic clearance betmeen the Centaur shroud 
and the  antenna/solar panel d u r k g  launch. 
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7.1.7.4 Tes t  Description and Results 

S-1 vibrat ion t e s t  consisted of a lateral  siriusoidal vibrat ion l eve l  
of 0.25 grms input at the separation plane i n  the  frequency range from 
5 t o  200 hz. 

Three configuratimb w e r e  kested: 

Mounted rigidly t o  the vibration table,  
Mounted on the  Centaur payload adagter, 
Mounted OR t he  Centaur payload adapter w i t h  damping tape applied 
t o  th2 adapter. 

S-2 vibrat ion t e s t s  consisted of a longi tudinal  axis test  and a series 
of lateral axis tests with the  S-2 mounted rigidly t o  a f ix tu re  a t  the  
separation plane. Input vibrat ion levels are shown i n  Figure 7-5. 

S-2A vibrat ion tests were conducted i n  three orthogonal axes with t h e  
S-2A rigidly mounted t o  a test f ix ture  at the spacecraft/adaptor a t tach 
points. The input vibrat ion leve ls  are shwn i n  Figure 7-6. 

S-9 tors ional  vibrat ion tests w e r e  pe3omed  with the  vehicle i n  the  
stowed posi t ion and attached t o  t a e  Centaur payload adaptor which w a s  
rigidly attached t o  a t e s t  f ixture .  
applied about the vphicle's r o l l  axis and controlled at the  spacecraf't/ 
adapter a t tach points. 

me tors ional  environment w a s  

The levels are shown i n  Figure 7-7. 

S-9 vibrat ion tests were conducted with the  vehicle ri~idly mounted 
t o  the  test f ix tu re  a t  the spacecraft/adaptor a t tach points ,  
The vibrzt ion inputs are shzw i n  Figure 7-8. 

7.1.8 Systems Qualification Tests 

7.1.8.1 General 

Qualificatiox t e s t s  w e r e  perfmned t o  q u a l i Q  the  complete spacecraft  
system. 

This was the  f i r s t  test phase t o  qual i fy  the  electronic subsystem 
integrated in to  the  spacecraft system. 

7.1.8.2 Qbjectives 

V e r i *  f'unctional operation and s t ruc tu ra l  i n t eg r i ty  during md after 
vibration. 
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7.1.8.2 (Continued) 

Establish test c r i t e r i a  l eve l  and standards f o r  use i n  systen, acceptance 
testing. 

Verify adequacy of clearance between spacecraft and centaur shrcud 
during launch. 

@alia Surveyor spacecraft design f o r  establishment of test  methods, 
techniques and procedures used i n  system acceptance tests. 

7.1.8.2 T e s t  Levels and Durations 

Swept sinusoidal vibration tests w e r e  performed i n  three axes from 
5-100 hz  (see Figure 7-9). 

Complex wave vibration tests consisting of combined sinusoidal and 
random vibration f r o m  100-1500 hz, w e r e  perf'oxmed i n  three axes (see 
Figure 7-91. 

7.1.8.3 Test Configuration 

T-21 spacecraft vehicle was used f o r  a l l  systems qualification tests. 

The T-21 configuration represented the flight spacecraft design e l ec t r i -  
cally and mechanically. 

A l l  functional requirements o f t h e  flight spacecraf't were impose9 on 
the T-21. 

Control f o r  sine tests w a s  obtained from three fhture-mounted 
accelerometer sensit ive i n  the direct ion of shake. 

Control f o r  random tests obtained f r o m  a single fixture-mounted 
accelerometers seiisitive i n  the direction of shake. 

7.1.8.4 Test Results 

No major fa i lure  occur* during the systems qualification test program 
which would have demonstrated inherent design weaknesses. 

There w e r e ,  however, a considerable number of minor problems which 
developed during the tes t  program and were cleared up p r io r  t o  the first 
spacecraft f l ight  . 
7.1.9 Systems Acceptance Tests 

7.1.9.1 Objectives 

Verify f'unctional operation during and following simulated launch. 

Serve as a quality control check on fabrication and spacecxxft assembly. 
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7.1 . 9.1 (Continued) 

Verif'y that  spacecraft subsystems alignments w e r e  not degraded by 
exposure t o  vihration. 

7.1.9.2 Test Levels and Ihrations 

Vibration inputs t o  the spacecrafi i n  each of three orthogonal directions 
(one longitudinal arid two lateral)  consisted of: 

I m  frequency (5-100 h z )  sine tests (see Figure 7-10). 

H i &  frequency (lOO-l5OO hz) combined sine-random tests (see 
Figure 7-10). 

Control was obtained f r o m  fixture-mounted accelerometers sensit ive i n  
the direction of shake. 

7.2.1 Coqonent Vibration and Acoustic Test  Failures 

Components not distinguished frm subsystems by Surveyor documentation 
(see paragraph 7.1.2). 

7.2.2 Subsystem Development T e s t  Failures 

No infomation available. 

7.2.3 Subsystem Qualification T e s t  Failures 

b t a i l e d  f a i lu re  infornation is not available f o r  the Surveyor subsystem 
tes t  program. 
system qualification test  results. 

The following comments w e r e  made relative t o  the sub- 

Documentation f o r  SC-7 indicates t h a t  a l l  subsystems except four have 
passed alJ. required qualification tests. 
reviewed, and w e r e  cleared. f o r  the flight spacecraft. 
t i o n  indicated f i v e  subsystem had not successfully passed o r  had not 
been exposed t o  a l l  required qualifization tests. 

mese four uni ts  had been 
The SC-1 documenta- 

Approximately 35 SC-1 subsystem t e s t  specifications had discrete  require- 
ment differences from the general test specification. 
indications the qualification tests were not alrnays performed exactly 
t o  subsystem specification ret;uirements. 

There w e r e  &so 

I n  some instances the  acceptance tests of flight equipment were completed 
before the qualification of  the equipment design w a s  accomplished. These 
ear ly acceptance tests contributed t o  the evaluation of design adequacies. 
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7 . 2 . 3 ( Continued) 

Design configurations of the  f l i g h t  equipment were modified as necessary 
during the  course Gf the  surveyor prograa. Qualification tests were 
required by the  cognizant engineers as deemed necessary t o  requalif'y 
the unit .  Many design changes were not requalified. 

Some configuration changes were qualified with a p a r t i a l  re-qualification 
test. 
performet: on an e lec t r i ca l  chassis t o  q u a l i a  revised welding techniques . AVi exmple of a p a r t i a l  qualification tes t  is a vibration test 

Examples of complete requalification testing are the  ASPP, TV camera, 
boost regulator, battery charge regulator, transmitter, helium tank, 
solar panel and the a l t i tude  marking radar. 
for the  SC-5 through SC-7 spacecraft. (JPL qualified the  new so lar  
panel) . 

These uni t s  were redesigned 

7.2.4 Subsystems Acceptance Test Failures 

Detailed f a i lu re  data were not available f o r  the  SurVeYo7: subsystem 
acceptance test program. 
test results. 

The following comments relate t o  the acceptance 

The acceptance tes t  his tory of many subsystems comis t s  of a very 
significmt number of retests. The retests w e r e  required p r i m r i l y  
by repairs and rework following fai lures .  I n  some cases the uni t s  
were upgraded and retested. Hughes Aircraft Company placed no limita- 
t ions on the  number of environmental tests t h a t  could be performed 
on any uni t  unless fatigue analyses limited the  number of test cycles. 
The retest decisions were dictated by the f a i lu re  and resu l t i rg  repairs. 

The qualification and acceptance test configurations of environmental 
tests conducted by the  contractor w e r e  not always consistent. 
of these differences are shown below. 

Exanqles 

VIBRATION 

Subsys%em 

h t / S o l a r  Panel 
Positioner 

Secondaq Sun 
Sensor 

"3ST CONE?GURATION 

Quallleicat ion 
Cora? '.gumtion 

Instal led on S/C 
Stmcture 

DImKENCES 

Acceptance 
Configuration 

Instal led on 
Shake Fixture 

Instal led on Solar Ins ta l led  on 
Panel, Substrate Shake Fixture 

Tested at Tank 
Level with Mass 
M8ckl: GF 

Testcd as Assem- 
bly with Valves 
and Regulators 
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7.2.5 System Development Test Failures 

No information available. 

7.2.6 System Qualification Test Failures 

No mador fa i lures  occurred during the system vibration qualification test 
program which would have demonstrated inherent design weaknesses. 

Considerable amount of minor problems occurred which were cleared up 
by ECR (Engineering Change Request) p r ior  t o  the first flight spacecraft 
test . 
7.2.7 System Acceptance Test Faiiures 

On several  occasions during more than two years of  flight spacecraft 
testing, minor anomalies i n  e i the r  test procedure, test contml  o r  
data analysis occurred. 

Only one anomaly w a s  of suff ic ient  proportion t o  require maJor ripacecraft 
rework and retest. This was a t ransient  input t o  the SC-2 spacecrafi. 

7.2.7.2 SC-E Shaker Transient Input 

k transient was introduced t o  the SC-2 spacecrafl through the shaker 
system during systems acceptance vibration tegting. 

The tr,Elisient input i n  the direction of  shake resulted i n  levels  greater 
than 30 g ' s  peak, and lasted approximately 110 millisecoids. 

The respoiioe o f  the r e t ro  motor i n  longit-ddiual, perpendicular t o  shake, 
and axis of shake direction was greater thca 30 g's, 9 g's and g'g 
respective-ly. 

Based OIZ r e t r o  design constraints, the maximum acceleration l eve l  permitted 
for  the re t ro  during t e a t  was 15  g's. 
yielded serious dtmage potent ia l  and accounted f o r  retro motor support 
system fa i lure  a t  leg 1. 

These t ransient  levels  then 

Major effects on spacecraft were: 

(1) Fktro motor si::pport system a t  leg I. failed. 
(2)  Bathtub fittings at  legs 1 and 2 failed. 
(3)  Column barn fittings impection indicated hol ,s f o r  attadment 

(4) One solar panel support brace disengaged from the so la r  panel 
t o  adapter out of alignment .0005-00l5 inchee. 

during the t ransient  and the threads were found. t o  be elongated. 
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7.2.7.2 (Continued) 

"Further, compartments A and B support tubes were visually inspected 
and X-rayed and no fa i lures  were rioted. 
were within specs the ASPP was stepped and functioned properly; a l l  
other accessible support structures were visually inspected. 
low frequency vibrstion tests (one a t  low level, the other a t  full 
l eve l )  were performed and the  agreement i n  response between the same 
test before and a f t e r  the transient appeared t o  demonstrate t ha t  
s t ruc tura l  integri ty  of .the spacecraft had not been compromised. 

Torque on a l l  accessi3le b o l t s  

Additional 

11 

7.2.7.3 Spacecraft Retests 

During the  course of the Surveyor system leve l  acceptance vibration 
program, four spacecraft underwent retesting. 

SC-1--complete one axis test performed t o  subject redesigned f l ight  
hardware t o  z axis vibration. 
were performed t c  qualify reworked and upgraded equipment f o r  flight 
readiness . 

SpecTal t e s t s  and troubleshooting sequmces 

SC-2-to demonstrate confidence i n  the in tegr i ty  of the spacecraft and 
%o further investigate a poss ib i l i ty  of f a i lu re  follcrwing the transient 
input, two low frequency t e s t s  i n  a lateral axis were run. 
s i s ted  of 2 octave per minute sine sweeps from 5-100 h z  a t  0.25 g 
o-pk anC 1.33 g 0-pk respectively. 
%he one pr ior  t o  the t ransient  helped t o  insure flight worthiness. 

They con- 

Agreement between these run8 and 

SC-3--a short i n  ground equipment during i n i t i a l  spacecraft mechanical 
opera%ions a t  AFETR resulted i n  fa i lure  of the flight control sensor. 
group and suspected e l ec t r i ca l  overstressing of other units, necessitat- 
ing considerable rework; bladders on two oxidizer tanks were inadvertently 
collapsed also during t h i s  period. 
spacecraft integri ty  with a complete roll axis vibration test. 

A decision was made t o  re-verify 

s c - 6 - - 1 ~  frequency test between 5-100 hz i n  the l a t e r a l  axis t o  verify 
that the pins on the pinpullers on the  ASPP did not exceed the i r  rnotisn 
tolersnce aid back out. 

7.3 FWGHT FAILUKES 

l'There were no flight f aiLures a t t r ibuted t o  the  Vibration 11 environment . 
7.4 DEXUVATIOPIJ OF FJST LEVELS AND IDIENTIFTCATION OF TEST FACPORS 

7.4.1 Component Test Levels 

No distinction made between components and subsystems (see Paragraph 
7.1.2). 
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7.4.2 Subsystem Test Levels and Duratioris 

7.4.2.1 Vibrat ion Levels 

Structural  test models were vibrated w i t h  a sinusoidal input t o  
detemina the response of individual subsystems. 

Using these jcesponses and t he  enyironmental predictiono made early i n  
the Surveyor p r o g m  f o r  systems level tests, the response levels  for  
ea& subsystem were extrapolated. 

The envelope of these response levels were used t r  derive test reqcire- 
ments for individual subsystems . 
7.4.2,2 Test Durations 

No information available on derivations at subsystem level. 

However, the duration per  axis of test (12 min) i s  the  same as is  the 
systems qual i f icat ion tests . 
7.4.3 Systems Test Levels and Durations 

7.4.3.1 Random Vibration Levels 

Random vibrat ion acceptance test l e v e l  represents the mean of the 
W-%er spacecraft random vibrat ion fliat data. 

M a n  level specif ied f o r  two reasons: 

Surveyor less subject than Ranger t o  acoustic exc i ta t ior  because 
of Surveyor being furbher aww from acoustic source on the Centaur 
vehicle. 

Shroud protect ing Surveyor w a s  assumed t o  provide mom attenuation 
of acoustic energy. 

7 . 4 . 3 . 2 Sinusoidal Vib ra t - i cm Levels 

Original 8inusoidal envlxmnent w a ~  based on Ranger data. 

Sr iginal  estimate 3igher than Ranger data i n  the lower frequenciee 
because it w a ~ l  f e l t  that Burveyor/Centaur would have a higher modal 
density i n  the lower frequencies than the Ranger/Agena. 

Original estimate corresponded t o  the msximUm from the Ranger data i n  
the higher frequer,cies . 
Original estimates uere lowered because: 

The o r i g i r d  a s m u p t i o ~ s  were queotimi&1ca 



7.4.3.2 (Continued) 

Dyaamic data from Atlss/Centaur AC-2 flight indicated that  the 
vibration l s e l s  m i g h t  'tie lower than a n t i c i p t e d .  

7.4.3.3 Torsional Vibration Levels 

The to r s iona l  pulses resdted from a JPL stuaj; of torsional motion of 
the A t l t i s  lamch vehicle. 

No other infomation available. 

7.4.3.4 Vibration Test k r a t i o n s  

SIJeep rates fo r  the sir-e poAion of the various tests, qual i f icat ion,  
tievelopent, acceptance, a lso determined the duration of  the randm 
vibration . 
"Acceptance test nee> rate was derived by first determining the duration 
of the Atlas/Centaur AC-2 wideband acoustic t i m e  hietory at a l e v e l  
whose rath t o  the total level represents the r a t i c  c f  khe response of? 
a single degree of freedom osc i l l a to r  when excited 3y the random portion 
off the  E-pcified test leve ls  t o  the response of the combined s ine  and 
x a m i a  portions. I1 

!&is duration was theh equated t o  the duration spat i n  bandwidth of 
a swept s ine t o  c q u t e  the sweep rate. 

The sweep rate provided a dttrp,t-lr_~n cf excitation i n  a resonance band 
siraulh5ing t he  service use du*ration. 

7.4.5 Source of Data 

7.4.4.1 Vibration Levels 

Origiaal test lr-rels vere obtained from Itanger spacecraft data using 
.At&/& na ?~unch vehrcles. 

'he accelerometers su?plyingthis  data w e r e  located i n  the adapter 
connec t ia  the  M e r  t c  the Agena booster. 

7.4.4.2 Test hrst:ms 

Durations for  alL vibration tests w e r e  derived from Atw!@nta r  
launch vehicle data. primarily from the 4C-2 flight. 
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'r.4.5 Iden+Yification of Test Factors 

7.4.5.1 Systeqs Xevel Tests 

mtio between qualification and acxeptance test levels generally follows 
the  r a t io s  established fo r  Flaager and Mariner except i n  t k e  1-15 hz 
range f o r  the lateral axes. 
of c r i t i c a l  resonances of the spaceframe. 

The r a t i o  was lower i n  t h i s  range because 

The ra t io  of development t o  qualification test levels  was s e t  a t  1.15 
f o r  1-50 hz and 1.0 above 50%~ fo r  all axes, which compares 
f o r  Ranger and Mariner. 

The r a t i o  of 1.0 f o r  development 50 qualification was chosen 
highe? frequencies since it w a s  felt  tha t  the high frequency 
w a s  not c r i t i c a l  f o r  s t ructural  loads. Table 7-1 surnnarizes 
test factors. 

with 1.33 

for  the 
vibration 
the systems 

7.4.5.2 Subsystems Level Tests 

renerally, the r a t i o  of qualification levels  t o  acceptance i v e l s  
w a s  1.5 t o  1. 

7.5 

There w e r e  exceptions as noted i n  7.1.3. 

CCMPMISON OF TEST LEVEX8 AND FIXGHT DATPI 

7.5.1 Flight Vibration Levels 

The SD-1, SD-2 and SC-1 through SC-4 Atlas/Centaur--Surveyor flights 
provided a data base Gpon which t o  characterize the 955 vibration 
environment at the spacecrafi/adapter separation p-e. 

On SD-1 and &c;3-2 there we& three longitudinal accelerometers (one a t  
each column base), one tangential  accelerometer and one radial acceler- 
meter. - 

Qn SC-1 t h r o i a  SC-4 there  were three longitudinal accelerometers 
(one a t  each column base). 

Because of the small  sample s i ze ,  the 95s sinusoidal  flight enviroment 
w a s  obtcsined by naaing 6 db t o  the steady state s ine equivalent of the 
maximum envelope o f  the shock spectra -Jf the maswed f l i gh t  t ransients  
for  5% of z r i t i c a l  darxping. 

Figure 7-il compares the 95s flight random vibration e a v i r o m n t  a t  the 
spacecraft/adaptor separation plane and the  systems acceptance test 
level. 
above 400 hz. 
the levels  would be increased at least 1.5 db as a test tolenmce, 
making the comparison much closer. Considering the basis of the or iginal  
e s t a t e ,  the agree=& between the two e n v i r c m n t s  is quite good and, 
as is des i ab le ,  test comerratism w a s  obtained i n  the or iginal  estimate. 

The measured envimnment is less than t h a t  predicted, especially 
I n  specifging a test leve l  based on the measured data, 
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TABU 7-1. -kEUTIONSHIP -N SYSTEMS VIBRATION TEST LEVELS 

FHEQUENCY, HZ 

5 =  50 

50 - 1500 

1 - 15 

15 - 50 

50 - 1500 

REzRcIvE m L  
ACCEPTANCE QUALIIZICATION 

Longitudinal (Roll) Axis 

1.0 1.5 

1.0 1.5 

1.0 

1.0 

1.0 

Lateral Axes 

1.25 

1.50 

1.50 

1.73 

1.5 

1.44 

1.73 

1.50 
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7.5.1 (Continued) 
Figure 7-12 conpares the 95$ flight longitudinal axis equivalent 
sinusoidal vibration environment st the spacecraft/adaptor separation 
plane and the systems accepeance test level. 
separa t im plane environment i n  the  10 t o  50 hz range represents the 
attenuation of t he  separation plane vibration levels during spacecraft 
t es t ing  when the retro notor acceleration levels reach those specified 
fclr the separation plane and control the  vibration input. 
fo r  t h i s  portion of the plot  were taken from the SC-1 vibration test. 
The original  estiarnte is seen t o  be conservative except i n  the m-ses 
of  23 t o  40 hz and above 150 hz. The hi& level equivalent sinusoid 
i n  the high frequencies is due t o  the t ransient  flight events temed 
insulation panel je t t i son  and Atlas/Centaur separation. 
pyrotechnic everts which generally are characterized by high level, 
high frequency response throughout the structure. Main s t ruc tura l  
member8 are generally not adversely affected by high frequency vibrat ior  
b2cause they are designed f o r  the high stress levels  of low frequency, 
large amplitude response. 
and e lec t r ica l ,  are subject t o  high frequency vibration f a i lu re s  because 
the components that make up t h i s  equipment have many resonances i n  the 
high frequency region comprised of many different  modal configurations. 
Although the spacecraft was not subjecked t o  any ground vibration testing 
t o  ensure its abil i ty t o  withstand the magnitude of the high level, 
high frequency f l igh t  vibration environment o r  the environmeat i n  the 
region cf 23 t o  40 hz, no fa i lures  during fl ight w e r e  a t t r ibutable  t o  
the vibration envircment. Also, the multiple axis ground vibration 
tests, both qualification and acceptance, at the uni t  and system level, 
demonstrated a maigin far fatigue failures that would not have been 
exceeded during one fl ight of a spacecraft even with the inclusion 
of the high level t ransients  and the 23 t o  40 hz environment. 

!be dip i n  the  3O2k 

The data 

These are both 

Spacecraft fbnctional equipment, both mechanical 

Figure 7-13 compcrres the 95$ flight lateral axis equivalent sinusoidal 
vibration environment at the spacecraft separation plane and the  systems 
acceptance test  level. 
in the 7 t o  25 hz range is the attenuation of the separation plane 
vibration levels during lateral axis spacecraft testing due t o  r e t ro  
nrotor control. H e r e  again, the o r i g i n a l  estinate shows various degrees 
df c@nservatism up t o  150 hz and an unconservatism from 17 t o  25 hz 
and from 150 hz t o  lo00 V.Z. 

tAe comparison of the longitudinal axis measured and estimated 95s 
environment apply here also. 

The dip i n  the 30240 separation plane environment 

The cements and discussion inclucled i n  

Figure 7-14 compares the 95% flight tors ional  equivalent sinusoidal 
vibrrrtion environment and the tors ional  vibration environment specified 
for  the S-9 s t ruc tura l  test vehicle tors ional  test. Ihe agreement is 
part icular ly  good above 20 hz. Below 20 hz, the original  estimate is 
conservative. Since three accelerometers were also wed tc. determine 
+he flight tors ional  environment, ~ccuracy  above 100 hz is questionable. 
The environment was extended t o  300 hz t o  be consistent with the S-9 
levels, but above 100 hz the  tors ional  environment was made from one 
t angen t i a l  accelerorceter. 
either torsional o r  lateral vibration, t he  environment given for sbove 
100 hz is not c o n s i d e d  reliable. 

Because this  accelermeter  would be indicating 
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7.5.1 (Continued) 

During flight, the randoui vibrat ion and t'ne t r ans i en t  events upon which 
the e uivalent sinusoids are based occur separately except f o r  the 
A t l a s  7 Centaur lauacher release transient .  The average duration of the 
random vibrat ion during flight f o r  acceleration grea te r  than 10 db 
down fmrn the peak level is  40 seconds. 
of 3.9 minutes f o r  the random vibration when combined with a swept sine. 
The sweep rate f o r  t h e  equivalent sinusoid, based on the combined flight 
t rans ien t  durations, is 2 octaves/min;ltes f o r  an up and dawn sweep. 
which is the same as that used f o r  surveyor testing. The sweep rate 
computed f r o m  the combined durations of the t r ans i en t  evciits is  based 
on a m o d e l  that provides exci ta t ion i n  a resonance Land equal t o  the 
service use duration. 

This compares with a test duration 

7.6 CONCLUSIONS AND €U3- .A.01!.3 BY J-PL 

N9 information availal?le. 
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1.0 LAijORATORY T E T  PROGRAM 

1.1 TEST PROGRAM RATIONALE 

The purpose of t he  laboratory vibrat ion and acoustic t es t  programs was t o  
provide a method t o  uncover design o r  workmanship deficiencies t h a t  could have 
been sources of problems with equipment. i n  operational vehicles.  
this t h e  t e s t  programs had t o  be f inanc ia l ly  compatible with the  overa l l  pro- 
gram and provide sa t i s f ac tozy  r e s u l t s  a t  resonable cos t .  
t e s t s  t h a t  were not  considered cost-effective was an area of e f f o r t  throughout 
the  Gemini program. 
were carried over from the  Mercury program, t h e  heavy reliance on qua l i f ica t ion  
by similarity whenever possible, t h e  elimination of environmental tests for non- 
sens i t i ve  items, espec ia l ly  i n  acoust icqand i n  t h e  omission of formal develop- 
ment tests f o r  most items. 

To accomplish 

The elimination of 

This was ref lected i n  the  use of t es t  procedures which 

The omission of development tests was not  complete because some vendors d id  
conduct t s s t -  ;A t h i s  type. 
and therefore  cannot report on them as part of t h e  ove ra l l  program tests.  

McDonnell did not  spec i fy  o r  control  these tests 

Multiple level t e s t i n g  was used f o r  qua l i f i ca t ion  and acceptanca during t h e  
G e m i n i  program. 
possible and then many were also tested a t  a module o r  subsystem leve l ,  o r  a t  
the  spacecraft  l eve l .  
earliest times possible.  
below. 

That is, items were t e s t ed  a t  t h e  component l e v e l  as e a r l y  as 

This was done t o  provide t h e  most realist ic t e s t s  a t  t h e  
A list of t h e  tests which were conducted is given 

Dsvolopment Qual i f ica t ion  Acceptance 

Component None* Vibration and Acoustic Vibration 

Subsystem None Vibration None 

System None Vibration Vibration 

* Sone development t z s t s  were conducted by McDonnell subcontractors but are not 
reported here. 

The laboratory vibrat ion and acoustic t e s t  program relat ionships  are shown 
i n  Figure 2-1. 
conponent developxent t e s t s  are shown i n  a dashed box since they  were made by 
only sons of  the Gemini subcontractors and are not  reported here. 
loops a re  shown in the  figure, although there  were for spec i f i c  itens. 
f a i l u r e  o r  d w i r a b l e  coridition were detected Curing an acceptance vibrat ion 
t e s t ,  changes would be made i n  manufacturing and/or design ta correct  the con- 
dition. 

The sequence of t he  tests are shown by t h e  arrows. The vendor 

No feedback 
If a 

Similar l o o p  would exist for all of the teats.  

B-1 
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1.2 C OWONE8 T VIBRATION/ACOUSTIC T E E  

The Gemini component test program drew heavily on experience and resu l t s  
Thus, the procedures f o r  sinusoidal t e s t s  and acoustic of the Mercury program. 

noise t e s t a  were essent ia l ly  t h  same. 
tior( of some resonance dwell times were the only differences i n  the sinusoidal 
t e s t s .  
ments f o r  Gemini. 
random vibration requirements, while only t h e  sinusoidal requirements were 
.imposed on simple items. 
the items were qualified f o r  some otlier program t o  requirements which were 
equivalent o r  more severe than the appropriate Gemini requirements. 
t ion,  d n o r  changes i n  a design would not  be requalified by test  i f  the changes 
were judged t o  have no e f f ec t  on the dynamic capabili ty of the item. 

Changes i n  the t e s t  levels  and reduc- 

A major difference was t h e  incorporation of random vibration req\;ire- 
Items which were complex were vibration tested t o  only t h e  

Tests were not conducted on the Gemini hardware i f  

I n  addi- 

Tests were also eliminated on those items which were considered insensi t ive 
Thus, acoustic noise t e s t s  were not conducted on mechanical 

Nor were many acoustic tests conducted 
t o  the environment. 
hardware of heavy mass and small volume. 
on cabin area equipment where the environment was expscted t o  be very iow. 

Tables 1-1 through 1-10 sumnarize t h e  G s m i n i  component qual i f icat ion tests 
by t h e  spacecraft system i n  which they were used. This format is compatible 
wi th  the qualification "tatus reports furnished t h e  NASA during t h e  program. 
Table 1-21 t o t a l s  all of the  spacecraft syatenrs with the  exception of ta rge t  
docking adapter which, of course, was not part of the  spacecraft i t s e l f .  

Acoustic noise levels  and procedures for  qual i f icat ion were not changed dur- 
ing t h e  course of t h e  Gemini program. 
the location of t h e  i t e m  i n  the spacecraft as described i n  Paragraph 4. 
1-2 shows t h e  extreme levels and the  durations used f o r  t h e  tests. 

Different leve ls  were specified based on 
Figure 

Random vibration qualification tests were conducted t o  spectra which were 
The detai ls  of the  various require- revised during the coume of t h e  program. 

ments a r e  given under Paragraph 4, but the extreme levels  and the  durations a r e  
given in Figure 1-3. The extreme leve ls  and durations f o r  sinusoidal vibration 
qualification tests of spacecraft equi,umsnt are given i n  Figure 1-4. 

The mounting of components f o r  vibration tests was generally to  a r ig id  
fixture using the fasteners intended f o r  the f l i g h t  i n s t a l l a t ion  since most com- 
ponents were mounted d i r e c t l y  t o  primary s t ructure .  
t i o n  isolated, t h e  i so la tors  would be included. 
t o  the hardmounted procedure. These were mast predomin d i f  the  test art icle 
i t s e l f  were a s t ruc tu ra l  item, o r  a mechanical item related t o  structure. For 
acoustic tests the item were suspended aa soft ly  as practicable. 

If the  item was t o  be vibra- 
There we e, of course, exceptions 

Satisfactory component operation was required before and after t h e  tests. It 
was also required during the t e s t  if a similar requiremnt 01Ci8tsd for t h e  actual  
f l i g h t  phase represented by the  par t icular  tes t .  
multiple tests of a component - it might be tested non-operating t o  an environment 
t o  demonstrate survival only, then be tested operating t o  B lesser environment t o  
demonstrate functional capabili ty.  

Sometimes this would r e su l t  h 

The component acceptance t e s t  program was gbnerolly initiated by vendors of 
electronic devices who recornended them a6 part of a burn-in program for t h e i r  

B-2 
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components. 
expected environments but most were revised during t h e  course of t he  program 
t o  be compatible w i t h  t h e  other  phases. 
cedures which were not ac tua l ly  related t o  the  program usage are not included 
i n  the  sunnary descr ipt ions of t h i s  report .  They included such tests as c i r -  
cu la r  motion, comon years ago i n  a i rplane spec i f ica t ions ,  and exci ta t ion  by 
a source of complex s i n e  waves whose amplitudes were never measured. 

These generally bore l i t t l e  r e l a t ion  t o  the  qua l i f i ca t ion  o r  

The i n i t i a l  vendor-originated pro- 

No acoustic acceptance tests were conducted, and t h e  type of vibrat ion 
Generally 

These tabler are arranged i d e n t i c a l l y  t o  t h e  qual i f ica-  

test was the s a e  as t ha t  which had been used for  qua l i f ica t ion .  
only electronic  and electromechanical devices were tested as shown i n  Tables 
1-i.1 through 1-20. 
t i o n  tables and a tab le  l i s t i n g  t o t a l s  f o r  everything but t h e  t a rge t  docking 
adapter is given i n  Table 1-22. 
basad on a decision t h a t  the  cos t  could not  be j u s t i f i e d  by the expected re- 
s u l t s ,  and because t h e  item i t se l f  might be a l ife-l imited device whose l i f e  
might be severely reduced by t h e  tes t .  
s ion  of acceptance vibrat ion of propellant t ank  assemblies whose bladders 
would be abraded during vibrat ion exposure. 

The decision not t o  tes t  items was generally 

An exanple of the  l a t te r  is the  omis- 

Component acceptance vibrat ion tests  were not  deleted f r o m  production 
runs once they were incoqmrated. Many in i t ia l  units were not  vibrated s ince  
t h e  incorporation of a unified acceptance program started later i n  t h e  Gemini 
program. 

Many designs were qua l i f ica t ion  tested before t h e  incorporation of accep- 
tance vibrat ion procedures, therefore,  these qual i f ica t ion  t e s t  units were not 
subjected t o  acceptance vibrat ion.  
l i shed during the  program. The result was, of course, t h a t  a f a i l u r e  i n  a 
qual i f ica t ion  tes t  required a review of t h e  acceptance t e s t  history o f  the  t e s t  
a r t i c l e .  The res-dts of t ha t  review would then have t o  be included in t h e  
evaluation of the  f a i l u r e .  

No general procedure f o r  this was eskb- 

The levels and durations used f o r  t h e  tests were selected so t h a t  i n  a l l  
cases t h e  t e s t  would be s i s i f i c a n t l y  less severe than t he  qua l i f ica t ion  re- 
quirement f o r  t h e  i t e m .  
graph 4. Orie except im was t h e  spacecraft d i g i t a l  computer which the  vendor 
recomaended be tes ted  a t  t h o  qua l i f ica t ion  levels. This was done, but it 
resulted i n  the elimination of re-use capabi l i ty  of the  f l i g h t  equipment. 
extreme levels and t h e  durations f o r  t h e  random vibra t ion  are given i n  Figure 
1-5, and f o r  s inuscidal  vibrat ion i n  Figure 1-6. 

The details  f o r  t h e i r  s e l ec t ion  are reported i n  Para- 

The 

Cbmponents were hardmounted f o r  acceptance v ibra t ion  and operation was 
usually required dtlring t h e  t e s t .  
v ib ra t ion  test was not typical of the  condition of the unit  i n  service during 
the periods of severe vibrat ion.  
qua l i f ica t ion  tested t h e  system would not  be operated during t he  acceptance 
t e s t s .  

I n  some instances operation during the  

Since no similar condition would have been 

VIDRATION/ACOUSTIC TESTS 

9rIly vibration yiiol i f i c a t i o n  t a s t a  were conducted on Gemini 8ubaystcms . 
A listing of t h o  tests which were run is given in Table 1-23. Transducers to 
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control  the  ' x s t  l eve ls  were as near the place of exc i ta t ion  as possible f o r  
a l l  t e s t s  except t h a t  of t h e  fuel c e l l  module. For t h i s  t es t  t h e  exc i ta t ion  
wa3 a t  thc base of production adapter s t ruc tu re  and t h e  control  transducers 
were located a t  the blast shield/adapter in te r face ,  The tests simulated 
launch conditions, ar,d therefor0 only the  f u e l  c e l l  module was f u l l y  opera- 
t i o n a l  during t h s  tests. Sa t i s fac tory  operation before and a i te r  the  t e s t s  
was demonstrated . 

The cbject ives  of t h e  t es t  were t o  demonstrate t he  capab i l i t y  of t h e  

A s ing le  subsystem of each type was 
conpomnts t o  withstand the environment as a system, and t o  aasure satisfac- 
t o r y  i m t a l l a t i o n  of t h e  components. 
tested.  

1.4 SYSTJ VIDN\TION/ACOUSTIC T S T S  

Acceptance vibration t e s t s  were conducted a t  the  system l e v e l  on Gemini. 
Tbese included test,; on t h e  first tnree f l i g h t  spacecraft  and on t h e  first 
f l i g h t  t a rge t  docking adapter. A photograph showing Gemini Spacecraft 1 is 
presented as Figure 1-7. The'first f l i g h t  t a r g e t  docking adapter, TDA 2, is 
sll;own i n  the  photograph of Figure 1-8. These vehicles contained production 
hardware f o r  a l l  systems with the  exception of pyrotechnic elements which 
f o r  s a fe ty  reasons were not installed unt i l  after de l ivery  of t h e  vehicles. 

Table 1-24 presents a s m a r y  of the  tests which were conducted. The 
tes t  leve ls  were controlled by an accelerometer mounted on the  fixture 8s 
near tne  attachment of t h e  vehicle as practicable.  
ducers were in s t a l l ed  on the fixture around t h e  circumference of t h e  vehicle 
only one of them was acbually used t o  control  t h e  tes t ,  

Although several  trans- 

All systems normally operating during t he  launch phase were operational 
and mni tored  during t h e  tests 
was establishod before anti a.':ter eacn phase. 
? fiLcre .?' 
simulated launch. 

I n  addition, s a t i s f a c t o r y  systern operation 
The object ives  of the  tests 

t o  demonstrzte s a t i s f x t o r y  operatiofi of t h e  f l i g h t  systems during a 

The decision t o  eliminate t h e  t e s t  a f t e r  e a r l y  production spacecraft  
w a s  based on the estimated cost-effectiveness of the  tests f o r  futur.? vehicles 
which were similar t o  t h e  vehicles on which the  t e s t i n g  had been completed. 
The t e s t ing  of Spacecraft 3, t h e  first manned vehicle, represented about 20,000 
rz~rhours.  Although a t es t  of Spacecraft 4 might have required up t o  1/3 less 
e f f o r t  because of the experience gained f r o m  t h e  earlier t e s t ing ,  t h e  cos t  sf 
such a t e s t  was deemed excessive i n  v i e w  of the diminishing returns expected. 
System acceptance tests are considered most effective on e a r l y  vehicles before 
normal learning-curve improvement takes place. 

The f i r s t  flight TDA rapresented a new system which was s ign i f i can t ly  
d i f f e ren t  than t he  previously tes ted  units. 
launch and wa3 no t  complex compared to t h e  G e m i n i ,  t h e  cost of t he  test was 
pcrhspa only 5'9 t h a t  for Gemini. 
tin1 n r t i c l a ,  howcvor, bocnuso it wag again judgod that results of tests cn 
futuro similm vehicles would mt justify t h e i r  costs. 

Since t h e  TDA was passive during 

The tests were discontinued aftor t h e  i n i -  
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Tota’;. KO. Tested 
Component 
T j y e  

Electrical 

Mec hanica 3. 

Structural 

Elect r 0- 

Nechanical 

Ins trumenta- 
t ion 
Sensors 

Totals 

Tota l  No. 
of Components 

64 

15 

5 

4 

2 

90 

Vibration 
Sine 

30 

15 

5 

0 

2 ,  

52 

Vibration 
Rimdom 

30 

3 

0 

1 

0 

34 0 

GZUK I C OiPON EIiT VI BRATION/AC OUSTlC QU ALIFIC AT1 ON 
TABLE 1-2 TEST SUb$lARY 

Electronic 

Electrical 

Structural 

Mechanical 

Elcctro- 
Mcchan i ca l  

Other 

Totals 

Total No. 
~ of Comonents 

16 

9 

9 

11 

1.0 

4 

59 

Vibration 
Sine 

0 

4 

2 

2 

0 

0 

B-5 8 

t a l  No. Testec 

Vibration 
Random 

16 

2 

7 

7 

9 

4 

45 

Accrus tic 

11 

2 

19 



E! ectronics 

Zlectr ical 

Mechanical , 

Elect r 0- 

Mechanical 

Totals 

Tota l  No. 
of Components 

21 

10 

2 

1 

36 

Total  No. Tested 

Vibration 
Sine 

7 

7 

1 

1 

- 
Vibration 

Randon 

15 

3 

1' 

0 

C ?WNI C 0i.IPON ENT VI BRATION/AC OUS TIC QU A L I  FIC AT1 ON 
TEST SW4ARY 

Acoustic 

13 

2 

0 

0 

SPACGUFT SYSTEM: Instrmentation and Recording . 

Cozponent 
, T-we 

Electronic 

Elect 1: ica 1 

Instrumenta- 
tion Sensors 

I Totals 

Total NO. 
of Components 

6 

11 

9s 

112 

1 

Vibration 
Sine 

0 

2 

19 

21 

tal No. Tested 

Vibration 
Random 

6 

9 

3 

18 

Acoustic 

6 

4 

10 

20 



i 3PXLi i .GT S'iSTa-1: Crew Station 

Coqonent 

Electrical 

Electro- 
Nechanical 

Mechanical 

Structural 

Total 

TAGLE 1-6 

Total No. 
of Coxpor,ents 

-1 2 

10 
. .  

1 

7 

30 

Total KO. Tested 
Vibration 
Sine 

8 

1 

0 

3 

12 

Vi brat ion 
Random 

4 

9 

1 

3 

17 

Acoustic 

1 

1 

0 

G 

n 

. 

S?AC-XRAr"T SYSTEH: Environmental Control System . 

Ccrpnent 
A ype 

Hechanical 

n 

Structural 

Electro- 
Mechanical 

Electrical 

Other 

rot21 

Total No. 
of Conwnents 

63 

41 

7 

2 

9 

122 

T 
Vibration 

Sine 

44 

18 

5 

2 

6 

73 - B-7 

tal No. Teste1 

Vibration 
Random 

2 

3 

1 

0 

0 

6 

Acoustic 

0 

0 

0 

0 

0 

0 



Structural 

Xechanical 

Elect ro- 
Me c hanica i 

Others 

Totals 

Total Fb. 
of Cmponents 

1 

9 

1 

1 

12 

Vibration 
Sine 

0 

4 

0 

1 

5 

Total No. Tested 
Vibration 

h d o m  

0 

5 

1 

0 

6 

Acoustic 

0 

. 

GZUNI COX?OM3idT VIBRA'i'IOX/ACOUTIC UUALXFXCATXON 
TAi3U 1-8 T B T  SMURY 

SFAC'GWT SYSTGS: Sequentials/Pyrotechnics 
- 

C orqonent 
&e 

Hechanical 

Others 

Totals 

Total No. 
of Components 

25 

7 

32 

Total No. Teste 
~~ ~ 

Vibration 
Sine 

11 

6 

17 
B-€4 - 

Vibration 
Random 

13 

1 

14 

Acoustic 

3 

2 



. 

- 

Tota l  Eo. Tested 

Strr 

Totals 

iiral 

Total No. 
of Coapnents 

3 

3 

Vi brat.; an 
Sine 

0 

0 

Vibration 
Random 

3 

3 

Acoustic 

3 

. 

3 

Ccxcpment 
Type 

Electrical 

Mechanical 

Electronic 

Elect r 0- 

Mechanical 

Total 

T O W  No. 
of Components 

18 

6 

4 

2 

34 

Total No. Testec 
~~~ ~~~ 

Vibration 
Sine 

7 

2 

0 

0 

- B-9 

Vibration 
i2aZldC;a 

8 

4 

4 

2 

18 

Acoustic 

1 

0 

4 

1 

6 



Electrical 

Mechanical 

Structural 

Electro- 
Mechanical 

Instrumenta- 
tion Sensors 

Total 

Total  Go. of 
Ccm?onenfs per 
rjpcecraft 

64 

15 

- . s  

2 

90 

Total Comonents' Tested 

Vibration 
Sine 

0 

0 

0 

0 

0 

0 

vibration 
Rzndom ~- 

0 

0 

0 

0 
. .  

4 

Acotistic 

Coiripnent 

Electronic 

Electrical 

Structural 

Xechanical 

El cc t ro- 
Mcchanical 

Other 

Total 

16 

9 

9 

11 

10 

4 

59 

Tota 
Vibration 
Sine 

2 

0 

0 

0 

0 

0 

2 

Components Tc 
Vibration 

bndom 

14 

2 

1 

0 

9 

0 

26 

ted 
Acoustic 

0 

- 0  

0 

. 



~~ 

i 1 Electronics 
Electrical 

I 

Mechanical 

Elsctro- 
Xechanical 

Total 

,Total  KO. of 
Components per 
Spacecraft 

10 

’ 2  . 

34 

Tota 

Vibration 
Sine 

Coaponcnts Tested 

Vibration 
R<md om 

14 

0 

0 

0 

22 * 

Acoustic 

0 

0 

0 

I 

GSJM COZPOIJRVA’ VIBKATIOI~/ACOUSTIC ACCEPTANCE 
TEST SUGARY 

~ ~~~ ~ 

SPXCZMFT SYSTB: Instrumentation and Recording 

C ompnent 

Electronic 

Electrical 

Instrumenta- 
t ion  Sensors 

Totals 

Tota l  No. of 
Compnents per 
Spacecraft 

6 

11 

95 

Tota 
Vibration 

Sine 

0 

3 

a7 

90 2-1 1 112 

Components TE 

Vibration 
Random 

5 

6 

0 

, 11 

ted 
Acoustic 

0 

0 

0 

0 



C ozponen t I 
i 

I 
I Electrical 
1 -. . clec tro- 

Nechanfcal 

MechanLcal - 
Structural 

Totals - 

~~ ~ ~~ ~ 

Tota l  t:o. of 
Con20nerlts per 
Spacecraft 

10 

1 

7 

30 

Total ComDor.ents Tt 
Vibration 

Sine 

0 

Vibration 
Random 

T S T  SUGURY 
T A 9 U  1-16 

tcd 

Acoustic 

0 

0 

0 

S PACZ %,FT SYSTZ4: Environment a1 Con t ro 1 Sy s t em 

Component 

Mechanical 

Structural 

Electro- 
Mechanical 

Electrical 

Other 

Totals 

Total No. of 
Components per 
Spacccraf t 

63 

41 

7 

2 

9 

122 

Tota 
Vibration 

Sine 

0 

0 

0 

0 

0 

0 
B-12 -- - 

Components TI 
Vibration 
Random 

0 

0 

1 

0 

0 

1 * 

ked 

Acowtic 

0 

0 

0 

0 



Structural 

Fkchanical 

Zlec tro- 
Nechanical 

Ocher 

Tota l  i b .  of 
Corqcr,cn% per 
Spcecra f t  

* 1  

9 

1 

1 

12 - 

Tota l  Corpnents '  Tc 
~~ 

V i  brat i m  
Sine 

Totals 

0 

0 

' 0  

Vibration 
Random 

TA3LZ 1-18 

czxnix CO;PO:EENT VIEUTIQN/ACOVSTIC ACCEPTANCE 
TEST SUWARY 

t ed 

Acoustic 

0 

0 

0 

0 

. 

0 

S P A C Z M T  SYSTS: Sequentials/Pyrotechnics 

CoG?oncnt 

Mschanical 

Other 

Totals 

Total No. of 
Conpcncnts per 
Spacecraft . 

25 

7 

Tota' 

Vibration 
Sine' 

0 

0 

0 
~ 3)-13 

Components Tt 

Vibration 
Random 

0 

0 

0 

ted 
Acoustic 

0 

0 

0 



I 

Totals 

Total  KO, of 
Co:oponerlts per 
Spacecraft 

3 

3 

Tota 

Vibration 
Sine 

0 

- 0  

Cozponents m A e 

Vibration 
Rand om 

0 

0 

t ed - 
Acoustic 

G M Ii I C Oi-IPON ENT VI BRAT1 ON/AC OUSl iC AC C PTANCE 
TEST SUWARY 

~ ~ ~~~ ~~ 

SPACXZAFT SYSTiM: Targe.t Docking Adapter 

C onkw nen t 

Electrical 

Mechanical 

Electronic 

Elect r o- 
Mechanical 

Totals 

Total No. of 
Components per 
Spacecraft 

18 

6 

4 

2 

34 

Tot: 
Vibration 

Sine 

0 

1 

0 

0 

1 

Components 'I'e 

VibratiGn 
Random 

3 

0 

1 

2 

6 

tcd 
Acoustic 

0 

0 
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0 

0 

i Electrical 

E 7. ec t r on ic 

?lcchanlcal 

I 

b 

Zlectro- 
Mechanical 

Structural 

Instrumenta- 
tion Sensors 

Other 

Total 

Total Xo. 
of Soinporxnts 

108 

43 

126 

33 

66 

97 

21 

4 94 

Vibration 
S ine  

53 

7 

7 7  

7 

28 

21. 

13 

Total KO. Tested 

206 

Vibration 
Random 

48 

37 

35 

21 

13 

3 

5 

162 

Acoustic 

- 
9 

30 

10 

2 

64 

Sr3ACZXAFT SYSTE-I: Gemini. Vehicle 

C crr,poncn t 
T.-..le 

Electrical 

Electronic 

Mechanical 

Elec tr o- 
Mechanical 

Structural 

In:;t r i ~ m c ~ ~ t n -  
tion Sensors 

Other 

T 
Total No. Vibration 
of Comnonmts Sine 

4 3  

126 

33 

66 

97 

21 

4 34 

2 

2 

1 

0 

09 

0 

97 

tal No. Teste( 

Vibration 
Randon 

18 

33 

0 

20 

. 1  

0 

0 

72 

- I 
Acoustic 

0 

, a  

0 

0 

,o 
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i 

S u b p  tern 
Des =r ip t ion  

arbit Attitude 
ihncuvc r i n g  
System Fioaule 
0 4  Day) 
( S O t L  2)  

O r b i t  Attitude 
Xan e w e  ring 
27s tern Module 
(2 Day) 
(Sote 3) 
i ie-htry Con- 
t r o l  System 
N o d d  e 
(Note 4) 
Zendezvous 
h a h a t i o n  Pod 
(iGote 5 )  

NOTES : 

1. 

2. 

3.  

4. 

5 .  

D2-120001-2 
GG~ZNI 2 UiS YSTEM V I  DMTI QN/AC OUS TIC QUALIFICATION 

TUT SUXMARY 

Random 
xtion 

Duraticn 

8 min. 
each of  
3 axes 

8 nin .  
each of 
2 axes 

8 min. 
each of 
2 axes 

15 min. 
each of 
3 axe3 

1 rrin. 
each of 
3 axes 

Sine 
Vibration 

Duration Duration 

The fuel c e l l  module consisted of t i 0  fuel cell sect ions,  a hydrogen tank, 
an oxygen tank,  pressure r e g d a t o r a ,  valves, and associated tubing and wiring 
installed in a production s t r u c t u r e  adapter. 

The 14-day o r b i t  a t t i t u d e  maneuvering system module ( O M )  consis ted of a 
pressurant tank, a fuel taak, an oxidizer  tank, regulators ,  valves, and tubing 
and wiring i n s t a l l e d  on production s t ruc tu re .  

The 24ay OAES was i d e n t i c a l  t o  t h e  14-day OAMS preceding except t h a t  it 
included s.n addi t iona l  pressurant tank, fue l  tank and oxidizer  tank. 

The Re-entry Control System (RCS) t es t  included production s t r u c t u r e  with a 
p r e s s u r u t  tank, a f u e l  tank, an oxidizer  tank, regulators ,  valves, thrust 
chamber assemblies, and tubing and wiring. F l igh t  vehicles included a second 
redundant sptem but it was not  included i n  the test. 

Tho rendezvous evaluation pod (REP) was a Gerriini radar transponder packace t o  
which was added 2 s p i r a l  and 1 dipole antennas, 2 flashing lights and 2 bat- 
t e r i e s  t o  supply power. 
sunshade and f o r  the REP were included i n  t h e  test .  

A sunshade and the deployment mechanisms for t h e  

B-16 



r 
! I 
I S;s ten, j 3cscr ip t ion  

I 

pacecraft 1 

ipacecraf t ,  2 

Spacecraft 3 

rarge t Docking 
ldapter 2 ' 

krdorn 
Vibrat ion 

x-ii 
L e v e l  

a .4g 

6.2g 

6 ,2g  

7.58 

Duration 

3 min. 
Longit. axiE 

1 min. eact 
of. 2 ax i s  

1 min. . 
Longit. axil 
1 . 5  min 
la tera l  
axj s 

3 min. 
Longit. 
ax i s  

Sine 
Vibration 

Level 

Low lev 
plus 
+.6g - a t  

l l c p s  

low lev 
plus  
b . 3 ~  - a t  
l7cps 

low let 
p l u s  
- +.3g at 

17cps 

low leu 

Duration 

. surveys 

20 sec.  
(PCGO simu- 
l a t i o n )  

- surveys 

10 sec. 
(POGO simu- 
l a t i o n )  

1 surveys 

10 sec. 
(POCO sim- 
l a t h n )  

1 surveys 

% 

Acoustic 

~~ 

Level 

I 

Durat ion  
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COMPONENT 
ACCEPTANCE 

OF ELECTRONIC AND 
ELECTROMECHANICAL 
ITEMS 

TESTS - VIBRATION 

d 

1 VENDOR COMPONENT ' DEVELOPMENT TESTS J L - -- 
I 

c--------- 

I--- - 

4 

1 , 
FABRICATE 
STRUCTURE 

SUBSYSTEM 
QUALIFICATION 
TESTS - VIBRATION 
OF ORBIT ATTITUDE 
AND MANE'JVER 
SYSTEMS, RE-ENTRY ' 

CONTROL SYSTEM, 
FUELCELLMODULE, 
RENDEZVOUS 
EVALUATION POD 

~~ 

SPACECRAFT SYSTEMS 
TEST - ACCEPTANCE 
VIBRATION OF EARLY 
UN1TS - SPACECRAFT 
1 , Z  AND 3, TARGET 
DCLKING ADAPTER 2 

I 1 

c 1 i 
COMPON EN T 
QUAL1 FlCATlON 

AND ACOUSTIC 
NOISE OF 
SUSCEPTIBLE ITEMS 

TESTS - VIBRATION 

- FLIGHT PROGRAiA 

d 

FIGURE 1-1 LABORATaRY VIBRATION AND ACOUSTIC 

TEST PROGRAM RELATIONSHIP4 
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1 1 
I I 

I ! I 
I ! 

I 

N 
I 

i 
I 

0 
0, 

.01 Z 
0 
i- 
- ' 

I 

2 I f 
t 
1 

MiNIMUM LEVEL (2 g's RMS) 

U 
CL 

.002 

.001 I_ 

lii 
A 
W 
W 
W 
U 

I 
i i 

1 
1 
1 

FREQUENCY - HZ 

FIGURE 1-3 ENVELOPE Of RANDOM VIBRATION 
QUALIFICATION TEST LEVELS 
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MAXIMUM LEVEL 
30 MIN SWEEP AND UP TO 
10 MIN DWELL PER RESONANCE 
IN EACH OF THREE ORTHOGONAL AXES 

10.0 

5 .o 
a 
0 
I 

m 
' : 2.0 4 ' -  w > 

w 

z 
I- < *  w 
W 
A :  
W u ,  u 

1.0 
0, 

3 

' < i -  
- 3  

. I .  
- 5  10 20 50 too 200 500 1000 2000 

FREQUENCY - HZ 

f 

FIGURE 1-4 ENVELOPE OF SPACECRAFT SINUSOIDAL 
VIBRATION QUALIFICATION TEST LEVELS 

. 
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I 
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f 
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! 
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.1 

.os 

I 

.02 

.01 

.oos 

.002 
10 20 

- I  k 
: I  

50 100 200 
FREQUENCY - H t  

500 1000 2000 

FIGURE 1-5 ENVELOPE OF RANDOM VIBRATION 
ACCEPTANCE TEST LEVELS 
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1 

10 

5 

2 

1 

.s 

I 
( 2  2) 1 

.z 
5 

I 
I 1 

I 

f MINIMUM'LEVEL' 
5 MIN SWEEP I 3 ORTHOGONAL AXES 

10 

J 

20 50 100 200 
FREQUENCY - HZ 

500 1000 2000 

FIGURE 1-6 ENVELOPE OF SINUSOIDAL VIB2ATION 
ACCEPTANCE TEST 1EVEtS 
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The failure lists for comprimt qualificatiori tests are given in Table 
2.1 ard for component acceptrtlce are given in Table 2.2. 
listcd by nam and are also categorized ils to type. 
whcre tha fault was either t e s t  procedure or tes t  error since these do not 
hzve m y  bearing on the f l i c h t  capability of th?  equipment. The nwhcr of 
such woblents wrdch were actually reported was 33 Crurhg qualiricakion tests 
axi  21, during acceptmcs tests.  
i i :  i'aracraph 4.0, and 50  only the lcvel is Ljvcn for the faZ1~rcs skom i r i  t kc  
lists. The vibration tests are indieat& as to whether &fie$ were sine or r m -  
de.=, arwf o f i y  an abbreviated dwcri?kion of the levels i3 given. In %kif? Casc 
or r ~ x h i  vibration the level is givea 
The ap?rapriate power spcctral densit ies  can be found in hrqvaph 4.0 if de- 
t;FAzcS, 
k'fcich correspond to the g vm-as frecpncy spectrum of Paragraph tr.0 t;.hich has 
the sm.e acceleration levels. The lottor D or A is incldcb on the table to 
indicate uhcther the failure #as detected during or after the test .  

The components are 
Failures are not included 

A l l  zcoustic t e s t s  were randan, ait dcscribci 

the XG-3 acceleration i n  units of g t s .  

?or sinusoidal tests the zero to peak acceleration levels are given 
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3.0 FLIGHT FAILURES 

The in - f l igh t  problems which could be connected with in- f l igh t  vibra- 
t i ons  or acoust ics  are l i s t e d  i n  Table 3.1. 
chances t h a t  they are associated with vibrat ion is very small, yet t h e  possi- 
b i l i t y  remains and so they  are i n c l u d d .  
associated with v ibra t ion  a note is included t o  ind ica te  where i t  was thoueht 
t h a t  thc  f a i l u r e  micht have been caused by v ibra t ion  o r  where it was thought 
t h a t  t he  f a i l u r e  might have only been displayed due t o  in- f l igh t  vibrat ion.  
The l a t t e r  condition would be t iwe  i n  the CBSC of an o p n  c i r c u i t  which was 
f a u l t y  because of a break caused by a workman which would not be detected 
urt i l  v ibra t ion  permitted the pieces t o  separate .  Included i n  'Lhe t ab le s  are 
notes t e l l i n g  i f  t h e  failure was considered a fault  of design, and a a o t e  in- 
d ica t ing  i f  t h s  failure might have Seen detected by qua l i f i ca t lon  or accep- 
tance tests, and whether this might be a t  t h e  component, subsystem, o r  system 
'revel. One thing not  included in the  tab les ,  .which a l s o  c a m o t  be assessed, 
is' t h e  fact  'hat a f a i l u r e  might have been caused by some event which n ight  
occur after the  v ibra t ion  t e s t s  and the re f s re  could not be eliminated by t h e  
ground tests. 
moved and worked on after a l l  v ibra t ion  tests are completed. 

For some of these  failures t h e  

For item possibly more closely 

This,.of course, is a major problem s ince  a l l  vehicles W i l l  be 
i 

The t o t a l  number of spacecraf t  problem detezted immxiiately prior t o  
f l i g h t ,  during f l i g h t ,  or during post-fl ight tests was 228. 
f l i g h t  problems can be c l a s s i f i e d  as f a i l u r e s  but t h e  d i s t i n c t i o n  i s  no t  
clear-cut. 
ures is 127. 

Not a l l  of t h e  

Our estimate of t h e  number of those properly ciassified as fail- 
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4.1 TESTLEVEX3 

The original Gemini vibration spactra included both randorr: ard sirmoidal 
vibration qualification curvcs sho.m i n  Figures 4-1 arid l+d, To he ciualified 
an item was tested t o  either the random cr to t h e  sinuso2dal Yibratior: as re- 
quired by the detai led specification. 
and t o  subsystems. The derivation of the randon spectrurn for laurxh VKLS based 
on a s t a t i s t i c a l  ana lys i s  of Kcrcxy measured data (20 t:, 12W fix) cons512eri;ic 
t he  vibration t o  be linear13 carrelated with d y n m i c  pressure. 
2 tT level was carried a the qualification requirecent. 
based on t h e  shape of the power spectral. density anzly3cs of the neasil-ed data, 
with the levels held const,mt fron lo00 Ha 53 2000 Hz. 
meam~ed vibration during Kercury-Atlas (1.3.) launckes as well as d e t s i l s  of 
the statistical analysis are inclwkd i n  Rcfcrcncc (1). 
adjusted plot of the M-2 and En-4 r ight  hand trunnion radial vibration which 
was used i n  the prediction. 
spectral densit ies by the r a t i o  of the squares of the  peak d,vna:.~c prcssarcs 
for G e n i n i  and for li(ercury, 
c a l  *lexpected*l vibration spectra for Gemini. bas& on I-'=rtury cxprie:isc. 
original launch randm vibration s p e c t m ,  is also shma on F i G r e  4-3. 

The curv'cs apflicd t o  b t h  corqonzrits 

The nem p l ~  
Spectrum shape m s  

Plots shorring the 

Figure 4-3 is an 

This adjust-msnt consists cf m1tipl;rir.g t h e  F O W ~  

The correct& p lo t  can thus be cofisidercj 3 t;Fi- 
T3e 

Re-entry random vibration w e  estimted f m  t he  relationship of g f s  ve7- 
sus dynanic presswe Certvcd for launch. 
simply low level  band-lkited white noise since there were no sigaifics-rt 
sources cf e n v i r o r m t a l  vibration on the vehicle. 
re-entry random vibration are also shcwn in Fi,we l+-1. 

Orbit vibration was estimtzi a3 

The curves for orbi t  axid 

The sinusoidal. qualification spectruc -a& for Piercury launch was rzkiinzd 
fo r  Gemini except that a reduction was incorporated i n  the high frequency r a g e  
t o  re f lec t  the effect  of lower maximum dynamic pressures. 
sinusoidal levels were estimated t o  be lower than launch ccrrsistent wit:: t h e  
rartdom spectra, The CemirL curves are shcwn i n  Figure L-2. 

Orbit arod re-sittry 

Accustic spectra were taken as 165 db externzlly &ring launch, then  rc- 
duced 10 db for the adapter area, 20 db for the equipcit bay areas and 30 Cb 
for inside the cabin. 
considering transmission losses due t o  structure. Figurr! 4-4 shows the esti- 
mated Kercur;. extem.al levels compared tc th2 C e n i r i  p d i c t i o n .  Ffprc 4-5 
show the measured Kercury ca5in levels compared t o  the requirerc3nt for  Gs.?lini. 
Figure3 4-6 and 11-7 show the spectra for the eqLipmnt h y  areas azzd fcr the 
G d r t i  adzpter are&, respcctivelqr. 

The curves were based OA Mercllry h - f l i g h t  Ilieasurmznts, 

The first Gemini vehicle had producticn structure but only ballat simd2- 
t i ng  equipent  item. 
t o  mdify the randm vihrc;t.ion spectra, The method of incorporating t h e  data 
used only thr: comparable rxlial  xeamreiwnt i n  t h r  re-c;?try vehicle, QSl3, a3 
another s c a t i s t i c a l  s a i p l c  wi th  the lkrcwy data,  The m2ly3is indicate? the 
!X-1 !xasur-ixnts at rzuci~t.iict dym+,i,c pressure were s1iyf;';ly below the  sl,stis- 
tical m-an for  the th ree  flights. 

t4easure;~cnts were taken on this vehicle which w a - 3  wed 

A new shape of t h e  frequency s p c c t r i n  bra3 



selected on the basis of the GT-1 measurement. Beczu~c of the existence of 
narrow band peaks i n  t h e  po:ler spectral  dens i ty  analyses of the  f l i g h t  neasur-2- 
ment t h e  qual i f icat ion spectrum which was necotiated wi th  the KA,3A was slie;!itk.- 
higher than the  3d level.. Levels a t  frequencies above 1GCO Hz were again h d d  
constant. 
Serrini re-entry vehicle mcasuremnt, QBl3. The curved portions of t h e  spoctrun: 
corresponds t o  constant db Fer octave rol l -offs .  

The resul t ing spectruq is  shown i n  Figure 4-S  as is the  PSD of the 

Although GT-1 provided no re-entry data the randoin vibrat ion spectrum f o r  
tE.s was modified t o  bc consis tent  with t h e  frequency d i s t r i h t i o n  cf the launch 
cawe.  
cwvz which resulted i n  the increasc: of the RIG l eve l  f r o m  I .4  g's t o  E.& g ' s .  

In  fact, t h e  re-entrx curve was takcn t o  be ident ica l  with tke launch 

Bicausc maasurcrccnt QC24 on t h e  tli-st s h i s l d ,  khich holds East adapter 
equipnen:., inCicated l=vels k k i c h  were iower th2n on the re-entry vehicle, a 
separate  spectrum was gcnerzted f o r  this regior,. The shape was bascr! or: the  
blast skiel2 ncasureirient. 
data in5icatej. the  GT-1 nieasureritmt was less than the mean t o  be cxpected on 
G e m i n i  flights, the  a q l i t u d e  t a s  obtained by increasing thc  R i - 3  l eve l  by t h e  
same f a c t c r  which the re-entry vehicle measureraent hzd bee3 incrzassd t o  derjvti 
t he  s p e c t m  f o r  that region. The P^D of t he  blast shield maswement is sho:'n 
in Figure 4-9 as is  t h e  resu l t ing  spectrum 
spectrun. correspond t o  c o r s t m t  Cb Fer octave ro l l -o f f s .  

Since the  s ta t i s t ica l  anal;.sis of the  re-c:itry vehj cl,: 

Again tce cunred portions or" thz 

Separate vibrat ion requirements were established for  the target dockir:t; 
adapter which m 5  launched by an Agaa. 
fron the  6'3 versus Cynaxic pressure curve derived fo r  the  spacecract. 
higher p a k  q, t t e  sLape ?:as selected t o  h v e  higher leve ls  i n  t h e  frequmcy 
range of expect& resonmces, 
A sinusoidal  spectrum wzs established for t he  aczipter using inConnation supi>li& 
by the bocster maxfacturer  a d  is shown i n  Figure 4-11. 
were taken t o  bs t h e  sazie as thz  Gemini  adapter externally, 165 db, arid in te r -  
nally, 155 db, Figures  4-4 siS L-?, respect ivel j .  
during the Frograii. 

The razzdon vibrat ion level %;as t&en 
Y i t h  t k  

The resulting spwtrurn is s h a m  i n  P igwe &-lo. 

Acoustic reqdirmznts 

These spsc t ra  xere not revisei 

I n  addi t icn t o  the  prece ing ,  spec ia l  3pectt.a were derzved f o r  spcc i f ic  itzi,; 
during the  cowse of t h e  ?rogran. These incluze the inertial platform whici; re- 
quircd extensive test data, a n a l p i s ,  and modificdtion t o  s t ruc ture  t o  produce 2 
spectrum which had reduced i q u t  i n  the region of a significant system resonace .  
Other emip le s  are adapter skin mounted item, m x  of which were customer fur- 
nishe2. 

Xhile t h e  qual i f icat ion spectra  were being revised after GT-1 t h e  acceptmcz 
vibrat ion t e s t  programs i n i t i a t e 6  by ,many vendors were raviewed becsuse cf t he  
d i spa r i ty  between t h e  many proccdures and the expect& f l i g h t  envircnmnts,  
m y  cases th2 verdor tes ts  on f l i g h t  equipent  were entirely unrelated t o  the  
end use of the items ar.d unrelated t o  the qual i f icat ion requirements. 
dardize acceptancs tes ts  so t h a t  the  procedures would result i n  t e s t a  t k a t  could 
be compared t o  the f l i g h t  Tevels and to t he  qual i f icat ion requirements, the  fol-  
lowing procedure hrcs  sed. 
t h e  acceptance pwcr  spec t r a l  density levels should be 50s of t h e  qua l i f ica t ian  
requiremeat. 
quireixnt  ailrt at  a value nearly equal t o  t h e  mean plus 10' l eve l  predicted bx the  
s t a t i s t i c a l  ariaL?si3. 

In 

To s t m -  

For i t em tha t  had been qual i f ied t o  randoa vibraticri 

This r e su l t s  i n  t h e  € U s 5  l eve l  being 70,s of the qual i f icat ion r.2- 

The sppropriate curves are inclu4ect in Figures 4-S and 4-90 
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No acoustic acceptance t e s t s  wcre conducted, but some sinusoidal vibra- 
t ion  tests here. 
some tests were conducted a t  the qual i f icat ion levels .  

The s inusoidal  s p e c t r m  is  shown fn f igurs  L-12, although 

4.2 TEST DURATIOh 

cual i f ica t ion  tests were intended t o  dcmomtratc two f l i g h t  caFabi l i ty  
f o r  mcst items. For randon vibrat ion the duration was n o r m l l y  15 ninutes 
which xas t o  allow 5 minutes f o r  vibrat ion t e a t s  t o  kc conducted on t h e  
f l i g h t  hanih'dre, then 5 e n u t e s  far each of two f l igh ts .  I n  addition, the 
5 minutes reyrcventing a s ingle  f l i g h t  was considered t o  be 3 minutes f o r  
launch and two minutes for re-entry. Item which did not re-enter o r  meld 
not be reused were tes ted t o  the appropriate t.iri..e deterrined by subtract ing 
the f l i g h t  t i nes  which wcre not applicable. 
launch vibrations w i t h  t h e  appropriate qual i f icat ion 223 acceptmcs t e s t  
dura t ims  are shorn i n  Figures 1,-13, 4-14 and 4-15. 

Typical t i m e  h i s to r i e s  of the  

The s inusoidal  qual i f icat ion test duratior, which was uscd f o r  qua l i f i -  
cation iccluded two 15 minute s inusoidal  sweep and 10 PLnute dwells a t  
s ign i f icant  resonances. The procedures incorporate? W u c t i o n s  i n  t i m  
similar t o  the random vibrat ion procedures. 

Acoustic noisc qual i f icat ion tests were conductsc! f o r  30 minutes. If 
the  f a c i l i t y  provided a progressive wave then reorienAtation of t h e  article 
was required a t  10 suinut.e intervals .  
the test  duraticns noted Is shown in Figure 4-15. 

A t h e  hs tor j .  of t h e  cabin leve l  with 

No acoustic noise acceptacce tests were corAucte3 on Gerxini. 
v ibrat ion acceptance tests were coxlucted f o r  1 minute per major axis.  
oidal acceptance tests,  consisting of sweep t e s t s  onlg, were conducted f o r  5 
minutes per axis. 

Paldorn 
Sinus- 

4.3 S0URCF;s OF THE DATA 

In-fl ight vibrat ion measurements were taken on tkce fkrcury vehicles, 
PL.4-2, NA-3 and HA-4. 
sure, and therefore  was not so useful as XA-2 and IE-&- 
located on a primary ring. 
rir,g were used t o  predict  the Ge,nini envirorment. 
in wind tunnsl data and the  s imi l a r i t y  i n  s t ruc tu ra l  design, t h e  data  w-s 
assumed t o  be d i r e c t l y  aFplicable t o  Ge;nini * d t h  only the differences i n  rxxx- 
irmWn d p a n i c  pressures having iriiportance. 

1.j;-3 was aborted before reaching n-a.x&m d p x i i c  pres- 
Acce lemxters  were 

kcaise  of the  s imi l a r i t y  
Only the  rad ia l  measuremnk on the  s t ruc tu ra l  

Acoustic noise data was measured under a shingle on HA-1 and ins%!e the  
cabin on MA-2 and 3%-4. 
transmission losses  t o  es tzbl ish the Gemirii envimm.l>zts. 

These neasurments werc used almg with estimated 

I n  addition, the s inusoidal  test  proced. 28s of the  Xercury qual i f iczt ion 
A t  the t i m e  the  Gezini ei:vi- rcquiremnts  should be considered a dzta source. 

ronment predictions mre being made, a l l  Ikrcury iter& h ~ d  been qualified t o  
sinilsDida1 test P Z C G ~ ~ U ~ ~ S .  Since the  G e x i n i  was an adrinced versiozi of the  
Klercury, mw,;. equ ipen t  i tem and t e s t  procsdurcs we~t? ccrricd over to the 
fie4 vehicle.  In  t h e  case of t h c  vibrat ion e;ivii*onr;1criC, t h i s  resulted i n  the  

B-80 
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use of sinusoidal  vibrat ion s ixda t ing  an er-ivircnmcrit whic5 w x  predict33 t o  
be randam. 
frw. the  Geiidni 3 vehicle which is, of course, an adyznced version of tLe 
Gemini. 

The sinusoidal  cp7l i f icat ion Fract?durcs k t - e  sirice b c w  ,3ropp"d 

In-fl ight dynuldc ncasurc:.iccts r rcre taken on G e i i f i i  f l i  ehts GT-1 2nd 
Plo t s  sbwing apprx imats  l c c z t i m s  of GT-2, the m l y  uri-xarmed flights. 

the a e s u r s i z c t s  are s1,c:rn i n  Figure: L-17 and i+-l€. Only the  data froin GT-1 
was usmi t o  establisn qual i f icz t i  c)ri rec;\iircrnenta. 
rnents with the highes t  levsls of all app1ic;ble nteasczJrrients rrcre u s c l  i n  t h e  
derivations.  
merit  bay ra4ial vibration, fo r  t h e  re-eritry vehicle r zqu i r tma t  . Ihasurement 
QC21b was tke only parx.etcr app! icable t . ~  e q u i p e n t  mpporting s t ruc tu re ,  a,rA 
therefore has the  only measurcxnt used fGr the  aciaFt?r spectrum derivat ions.  

E@c, cnljr tkc! :i,casarc- 

This resulted i n  the use of data  f ron  L?c para:::Ljter Ci31.3, e=;uip- 

The ra t io  of power spec t r a l  dens i t ies  of the qual i f icat ion tests t o  those 
of the corresponding accep tace  test was tm to  cne. The ratio resul ted as a 
convenient spccif icat ian of levels wbict: would proviciz Luali f jcat ion t e s t s  i n  
excess of the predicted mean plus 2 6  vibrat ion l e v e h  a d  acceptax? tests 
near the mean plus 1 d vibrat ion levels .  The test duratiom for qual i f icat ion 
hcludcci a 5 minute tes t  period which was intended t o  denonstrate ths capa3il- 
i t y  of the design t o  withstand e x p e c t 4  f l i g h t  vibrztir?ris plus groun:! test 
vibrations, including re-tests i f  necessary. 
so sinple since the le\-els are not  one-to-one for the time period, but flare 
detailed comparison was not made. 

The ti= re la t ion  is r s a l l y  not 

No s h p l e  general relations exist for the sinusoidal tes ts .  T h i s  is 
becauze sifiusoidal qua l i f ica t ion  tests wsre a carry-arer of procedures from 
the Kercury progrw. 
was expected that a corqonent had a simple failure m d e  which could be detected 
under mar-y conditions of vibration. It was a3way3 inkr,cXed t ha t  t he  acceptance 
te3t be s igni f icant ly  less severe than qualification. T h i s  \%zs d m i  by speci- 
fying s imsoidal  acceptance tests withon5 rLsonance dwdls ,  with fewer and 
faster sweep and =-:3tiz.a a t  lower levels or only &ng a single test axis. 

Sinusoidal acceptance tests  werz specified only whez it 
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5 00 COtPAHISOIT OF T E T  LEWIS FLIGHT DATA 

As mentioned i n  paragraph 4.0, GT-1 flight da te  were used i n  the  dcriva- 
t i a n  of t e s t  requirements. 
spacecraf t  is shown i n  Fihure 5-1. 
d a t a  are included as Figures 5-2 and 5-3, showing the  conparisons of l e v e l  ver-  
sus frequency and level  versus t i m e ,  respect ively.  FFLgurcs 5-4 and 5-5 a r e  the  
comparable plots for  the adapter rneasurcmcnt . A single cabin acous t ic  rneasure- 
ment was a l s o  taken, and the cornparism p l o t s  a r e  shorn i n  Figures 5-6 arA 5-7. 
Figures 5-1 through 5-5 are i d e n t i c a l  t o  figures g i v m  i n  paragraph k.0 but &re  
repeated :?or convenience. 

A sketch showing ins t r inc : i t  l cca t ions  f o r  t h e  GT-1 
Plots  of GT-i re-zztry vehicle  v ib ra t ion  

F l i g h t  measurements were taken on GT-2 during laur.ch an2 re-entry. The 
spacecraf t  instrument loca t ions  are shown i n  Figure 5-8. 
of frequency d i s t r i b u t i o n  of t h 2  re-cntry vehic le  rad ia l  vibyation neasurexncnts 
during launch and t es t  requirements are shown in Figure 5-9. €GI3 levels versus 
time f o r  t h e  measurerlients are shown and t h e  durat ion of t h e  t e s t  requiremmts 
are shown in Figure 5-10. The measured re-entry data 2.re not, prosentcd because 
they werc e x t r e n d y  low compared t o  full s c a l e  of t h e  i n s t r u n m t a t i o n .  

The conparison plots 



D2- 12000:.- 2 

T 11 
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6.0 COKCLEIONS AND RECOEfWNDATIONS 

The significance of the vibration and acoustic tes t ing  which were per- 
formed durjng the Gemini program should be evaluated i n  these ways: 
f l i gh t  problems which they avoided, tk confidence which they provided and - 
the coat compared t o  t he i r  value. Accustic t e s t s  were not  generally con- 
ducted on Gemini and i n  those cor.du:ted dnly four  test failures resulted. 
The elimination of the t e s t s  was based on previous experience that only t h e  
most sensit ive item nught f a i l  when acoustic l eve is  are less than 135 db, 
and that  some i t e m  are no t  3e;;sitive t o  even liigl,cr leve ls .  
which were retained did resul t  in a d d i t i c n a l  confidence i n  the f l igh t  capa- 
b i l i t y  of t h s  design. 

the 

Those t e s t s  

- 

ures. 
not been corrected, t h e  pracedures for  these t e s t s  were r e a l i s t i c  so t h a t  
many of these failures could have occurred i n  f l igh t .  The costs  ot these 
tests are high, but a great deal of confidence is placed i n  equipment when a 
vibration test is successfully coinpleted. The Gemini system t e s t s  revealed 
some problem areas, but not ran3 i n  comparison t o  tes t ing  a t  other levels. 
The system level  test was not fu l ly  effective i n  tha t  vibration levels were 
not transmitted throughout the  vehicle. 
tern3 successfully completed the t e s t  only a limited amount of corifidence 
would result. 
for future program . 

The vibration tests of components and subsystems resulted i n  many fail- 
Although many of these might not have occurred i n  f l i gh t  even had they 

* 

Therefore, even though sons subsys- 

This will be discussed further as part of our recormendation3 

The test leve l  derivations were hampered by the  lack of samples t o  use 
i n  the original predictions. Significant advantagr was gained by having t h e  
first st ructural  vehicle flown wed t o  gather in f l igh t  da ta .  In the case of 
Gemini  the data was made availabie i n  time for many items t o  be qualified a t  
the lower level  - i n  some cases a f t e r  they had -failed under the original 
requirements. One of the problem i n  test level  derivation is t h e  disparity 
a r n ~ n g  individuals i n  the L.iterprecstion of the values assigned t o  tests. 
This problem is not considered t o  be unique t o  the G e m i n i ,  not even unique 
compare?. t o  t h e  environments which ape simulated by ground tests. 

bo the r  major consideration ccrisists of recornendations for future pro- 
grams, assuming the vehicle to  be of s h l a r  s i z e  and complexiLy t o  Gemini. 
If the envirmrieni is considered t o  be random i n  amplitude, then a l l  t e s t s  
would be conducted w i t h  a random forcing functim. 
excitation is not :Jarrant 3 for  a new vehicle sirlce currect t e s t  equipment 
permits rardom t e s t s  t o  be performed very easily, and comnercial t e s t  faci l -  
ities arc readily available for vendors, 
t o  the expected f l i gh t  durations. Changing the tlpst time may be required if 
the expected environment cannot be obtained, o r  if the flight hardware ig t o  
be reflown, but "scaling:' t c q t  time should be avoided if a t  all possible. 
The use of qualification and hcceptance vibration tests for components should 
be incorporated. Development tests t o  qualification levels can bs elimirLsted 
with very l i t t l e  5ffect on the outcome of qualification tests. 
of development t e s t  costs should offset  the  additional qualification testing 
that would become necess-iry. Acoustic noise tests should be e l n a t e d  f r o m  
all non-sensitive equipment, espec ia lu  i f  the level is 135 db o r  less. 

The use of s inusoida l  

All t e s t  times should be comparable 
- 

The savir le 
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Perhaps the biggest change tha t  we would recomnend for future program 

The w e  of acoustic 
compared t o  the Gemini procedures is the thorough evaluation of acoustic exci- 
ta t ion for vehicle acceptance and qualification tes t s .  
noise f o r  these t e s t s  would provide a s tep  closer toward simulation of the 
expected dynamic forcing function, as compared t o  vibration testing. The need 
for improved techniques was demonstrated f o r  Gemini when it was found t h a t  t h e  
test levels were not transmitted sa t i s fac tor i ly  throughout the structure - 
regions close t o  the shaker attach points 'dere subjected t o  the desired levels, 
but elsewhere the levels were down consi,derably. The use of an additional 
exciter reduced 4hu ?roblern sone, but t o  simulate the expected environment by 
shakers seems to  ?it." 

loadings. 
but it would be ; c ry ing  to develop t h e  test techniqties for the vehicle rather 
than t o  develop the vekicle of i t s  components. 

severe l h i t a t i o n s  for vehiclcs designcd for  d i s t r ibu tcd  
Systerc am-rstic t e s t s  might require t h e  use of develcpmcnt tests, 

The derivation of t e s t  lev& for a new vehicle could be made f r o m  the  
data obtained in-flight on Mercury and on GT-1 and GT-2 with corrections for' 
differences indicated by wind tunnel f h c t u a t i n g  pressure t e s t s  o r  expected 
t ra jector ies  i f  the s t ructural  construction is siailar. The use of d i f ferent  
constniction would require some 'vibration tes t ing  to  estimate the applicabil- 
ity of the Mercury-Gemini data. - 
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A.PPENDIX c 

STATEMENT OF WORK 

A. BACKGROUND 

The statement of work presented herein has been preptred i n  response t o  
a request by the NASA Apollo Project Office. 
a continuation of the vibrat ion and acoustic survey conducted by the 
Boeing Courpany i n  1967 i n  which your organization participated.  The 
survey results a re  presented i n  Boeing Docunent D2-120001-1. 
o f  t h i s  work statement is t o  provide rcgLirement-s f o r  more detailed 
information than was obtained i n  the or ig ina l  survey. 

The work represents 

The purpose 

B. SCOPE 

The contractor shail  provide the  technical  data relative t o  vibration 
and acoustic testing associated with tke  
program. These data are required i n  t ; k l ~  specif ic  areas of Labomtory 
T e s t  Programs and Results, T l i g h t  Tes t  Results, Environment Derivations 
and Verifications, Spacecraft Agency Conclusions and Recommendations as 
described i n  the  following tasks. 

TASK 1 - LclBoRAToRy TEST PROGRAM 

a. Discuss the  ro le  of  laboratory aribratioii and acoustic testing i n  
the overal l  spacecraft program and the rat ionale  of t h i s  ap.?roach. 
U t i l i z e  char ts  o r  diagrams t o  depict  tke  interrelat ionships  between 
laboratory vibration o r  acoustic tests and other aspects of the  
spacecraf't p r o g m .  
tests should be included i n  t i  - isclission and charts.  

The following types of vibration o r  acoustic 

kvelopment Qualification Acceptance 

Component X 
Subsystem X 
System x 

X 
X 
X 

X 
X 
X 

b . Provide the following information re la t ive  t o  component qual i f ica-  
t i on  and component acceptance tests. 

1) 

2 )  

Number cf caqonents  tes ted  and type of test  (random vibration, 
s ine  vibrat ion sr acoustic). 
The specified test levels  ant? durations of the  testa.  
different  levels  and durat iors  w e r e  used f o r  d i f fe ren t  
coxponents, inclicate *+e extremes and prcvide a general 
p%p:!mation of the reasons f o r  these variations.  

If 

C. Pmvide the  fsllowing i i ifomction re la t ive  t o  mbsystem ilevelopaent 
tests, subsystem qualifi.catior, test3 and subsysteni acceptance testi .  

C - 1  
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Descriptive nomenclature f o r  each subsystem tested.  
The objectives of the test. 
The type of tests perfomed (random vibration, sine vibration, 
acoustic) on each subsystem and associated test levels and 
durcltions . 

3) 

d. Provide the following infoxmaticr, re la t ive t o  system development 
tests, svstem qualification tests and system acceptance tests . 
1) Descriptive nomenciature f o r  each system tested. Provide a 

2) Objectives of each test. 
3) 

schematic o r  photograph of the system tested. 

The type of t e s t s  perfomed (random vibration, s ine v-ibra- 
t iun,  acoustic) on each system and associated test levels 
and durations. 
Describe the test  configuration and indicate percentage of 
production components instal led during each test. 

4) 

TASK 2 = LABORATOW TEST FAIumES 

a. Pmvide the following infoxmatior, r e l a t i v e  t o  faihres during 
component qualifi.cation tests, and component acceptance tests . 
1) 

2) 

Identify the type of component which failed and provide a 
bri.ef indication of the f a i lu re  o r  malfbction. 
Inaicate the type of test which caused the fa i lu re  (random 
vibration, sine vibration, etc.)  and the associated test 
leve l  a 

B r i e f l y  describe ection taken as the result crf the  failure,  
i.e., retcst, redesign, change inspection procedure, test 
requirements revised, e tc  . 

3) 

b. Provide the following information relative t o  fa i lures  during 
subsystem development tests, subsystem qualification tests and 
subsystem acceptance tests. 

1) 
2) 

3) 

Describe the f a i lu re  or  malf'mctions. 
Indicate the ty-ge of test which caused the f a i lu re  (random 
vibration, sim vibration, etc.) and the associated tes t  level.  
Briefly describe actior: taken as the  result of the failure,  
i.e., retest, M e s i g n ,  change jnspection procetiure, test 
requirements revised, e t c  ,, 
Commmt on why the fa ihre  w a s  not uncovered during component 
leve l  tests. 

1 , )  

c-2 
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C .  

a. 

b. 

C.  

d. 

e. 

a. 

b. 

C. 

Provide t h e  following iiifoxmation r e l a t i v e  t o  f a i l u r e s  during 
system development tests, system qua l i f i ca t ion  tests a d  system 
acceptance tes ts  . 
1) 
2) 

3) 

Describe the  f a i l u r e  o r  malfunction. 
Ind ica te  t h e  type of  t e s t  which caused t h e  f a i l u r e  (random 
vibrat ion,  s i n e  vibrat ion,  e t c . )  and t h e  associctcd tes t  l eve l .  
Briefly describe ac t ion  taken as t h e  r e s u l t  of the f a i l u r e ,  
i ,e,, retests, redesign, change inspect ion procedure, t e s t  
requirements revised, e t c  . 
Comment on why the f a i l u r e  was not uncovered during component 
l e v e l  tests o r  shbsystem l e v e l  tests. 

4 )  

TASK 3 - FLIGHT FAILURES 

Describe each f a i l u r e  o r  malfunction occurring ddring f l i g h t .  

Iden t i fy  t h e  cause 2f  the fail ire o r  probable calise of t he  
f a i l u r e  and i f  t h e  f a i l u r e  zould be a t t r i b u t e d  t o  t h e  v ibra t ion  
environment 

Descrtbe t h e  e f f e c t  of t h e  f a i l u r e  on the vehicle  mission. 

If t h e  f a i l u r e  is suspected o r  known t o  be the result of t h e  
v ibra t ion  environmeEt, i d e n t i f y  the type o f  t e s t ( a )  where t h e  
f a i l u r e  should have been detected (compuent qua l i f ica t ion ,  
system acceptance, e t c .  ) . 
Describe ac t ion  taken t o  cor rec t  f a i l u r e .  

TASK 4 - DEXCVATION OF TEST JXWL AND I D E N T I ~ C A T I O N  OF TEST FACTORS 

Provide a descr ipt ion of t h e  method o r  methods used t o  derive 
v ibra t ion  and acoust ic  tests l e v e l s  and durat ions f o r  the following 
types of tests: 

Development Qual i f icat ion Acceptmce 

CGmponent - 
Subsy -+ ,em x 
System X 

X 
X 
X 

X 
X 
X 

Provide a t  least oire comparative graph f o r  each type of test 
showing t h e  d i f f e ren t  between t h e  spec i f ied  t e a t  level and 
duration and t h e  measured, predicted o r  extrapolated data used 
t o  der ive the test level and du-ration. 

I d m t i f y  t h e  source of t h e  da t a  used t o  der ive t h e  test  level 
and Iurat ion.  Provide comments on the reBtions f o r  u s i r d  subJect 
Gata t o  der lve t h e  test  levels md durations.  

c-3 
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d. Ident i fy  the relationships kstween development, qual i f icat ion 
an5 acceptance test  levels  and durations. 
uso,d t o  a r r ive  at these relationships.  

Provide the reasoning 

TASK 5 - CGMPARISON OF TEST LEVELS AND FLIGHT DATA 

The contractor s h a l l  provide graphs showing the relationship between 
measured flight vibration o r  acoustic data and specifiec! test levels  
These gmphs shall depict  the full w e  of vibrat,on o r  acoustic aata 
measured i n  f l i gh t .  

Tk,e contractor s h a l l  provide conclusioris and. recommendations re la t ive  
t o  the inf9nnatic.n provided ir, Tasks 1 thru 5 .  The conclusims and 
recommendations should include but not be limited t o  dhe follcwing: 

a. 

b. 

C. 

d. 

e. 

f. 

C, 

The significance o f  vibration and acoustic t e s t ing  t o  the subject 
spacec-rsft progmi. 

Relative significance and value o f  t he  various types of tests 
conducted. 

Adequacy a.d/or inadeqLiacies of the test level derivation methods . 
Inadequacies i n  the  vibmtion and acoustic t e a t  program f o r  the 
subject spacecraft prognm, 

Recommendations relative t.9 vibration and acoustic %est programs 
f o r  Future programs. 

Recommendations regarding test  level. derivation and test, procedures 
f o r  f'uture programs . 
PERIOD 9F PEIUWWRCE 

The information described i n  the Statement of  Wcrk is required on o r  
before April 1, 1968. 

CoMpOhi - An integral  package such as a cmem, a valve, a battery o r  
a transmitter.  

SUBSYSTEF - A group of  coaponents which I s  par t  of e l a rge r  system. An 
example of a sibsystem is the Gemini fuel. c e l l  module c o n s i s t h g  of two 
fie1 c e l l  sezticns,  a hydrogen tank, an oxygen tank, pressure reg.i.lators, 
valves and associated tublng and wiriw. 
Sk'STEZI - A complete o r  maj l2r  pol'Lion of a spmec:&%. 

c-4 
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DEVEIX>F" TEST = A tes t  t o  evaluate t h e  performance of a coqcnent ,  
subsystem o r  system under environernental conditions arld t o  detennine 
i t s  a b i l i t y  t o  withstand such conditions, 
i n  a p r o g m  t o  seek out design weaknesses and cor rec t  o r  improve them 
p r i o r  t o  qusl i r ' icat ion t e s t ing .  

The test is  usual ly  run early 

QUALIFICATION TEST - A test on 8 component, subsystem o r  systen 
t o  demonstrate design capab i l i t y  t o  withstmd a c r i t i c a l  se rv ice  
environment , 

ACCI'EYTANCE TEST - A test, t o  de tec t  workmanship def ic ienc ies  i n  a 
component, subsystem o r  system which i s  dectiried f o r  use i n  service.  

c-5 
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APPENDIX D 

PKESmUION OF Sl.VEX RESULTS TO THE MOLL0 PROGIM O,YFIC2 

The !.nfomt?.on contained i n  t h i s  appendix was presented t o  the Chief of  
A?ol lo Test, C. 3 ,  Gay,  Jr. on May 1, 1968. 
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